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The  University  of  the  State  of  New  York 
State  Museum;  July  15,  1919 

Dr  John  H.  Finley 

President  of  the  University 

Sir:  I have  the  honor  to  communicate  to  you  herewith  and  to 
recommend  for  publication,  as  a Bulletin  of  the  State  Museum,  the 
Director’s  Annual  Report  for  the  year  1918. 

Very  respectfully  yours 

John  M.  Clarke 

Director 

THE  UNIVERSITY  OF  THE  STATE  OF  NEW  YORK 
OFFICE  OF  THE  PRESIDENT 

Approved  for  publication  this  18th  day  of  December  1919 


President  of  the  University 
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FIFTEENTH  REPORT  OF  THE  DIRECTOR  OF 
THE  STATE  MUSEUM  AND  SCIENCE 
DEPARTMENT 

INCLUDING  THE  SEVENTY-SECOND  REPORT  OF  THE  STATE  MUSEUM,  THE  THIRTY- 
EIGHTH  REPORT  OF  THE  STATE  GEOLOGIST  AND  THE  REPORT  OF 
THE  STATE  PALEONTOLOGIST  FOR  1918 

Regents  Committee  on  the  State  Museum: 

Charles  B.  Alexander  M.A.  LL.D.  Litt.D.,  Tuxedo 
Herbert  L.  Bridgman  M.A.,  Brooklyn 
Walter  Guest  Kellogg  B.A.,  Ogdensburg 

INTRODUCTION 

This  report  covers  all  divisions  of  the  scientific  operations  and 
museum  work  under  the  supervision  of  The  University  of  the  State 
of  New  York  and  has  reference  to  the  progress  made  therein  during 
the  fiscal  year  1917-18.  It  constitutes  the  seventy-second  consecu- 
tive annual  report  of  the  State  Museum,  the  thirty-  eighth  annual 
report  of  the  State  Qeologist  (consecutive  since  1881)  and  the  report 
of  the  State  Paleontologist  for  1918.  It  is  introductory  to  all  memoirs 
and  bulletins  issued  by  this  Department  during  the  year  named. 

The  subjects  presented  in  this  report  are  considered  under  the 
following  captions: 

I Legal  Status  and  Scope  of  the  State  Museum 
II  Present  Condition  of  the  Museum 

III  The  Scientific  Reservations  under  Control  of  the  Museum 

IV  Department  Publications 

V  Report  on  the  Geological  Survey 
VI  Report  of  the  State  Botanist 

VII  Report  of  the  State  Entomologist 

VIII  Report  of  the  Division  of  Zoology 
IX  Report  of  the  Division  of  Archeology  and  Ethnology 
X Staff  of  the  Department 
XI  Scientific  Papers 

XII  Appendixes  (to  be  continued  in  subsequent  volumes) 
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LEGAL  STATUS  AND  SCOPE  OF  THE  STATE  MUSEUM 

The  broad  scope  of  the  State  Museum  was  clearly  and  succinctly 
defined  in  the  Education  Law  (as  amended  in  1910)  under  article 
3,  which  relates  to  the  objects  and  functions  of  the  University. 
Section  54  of  that  law  reads  as  follows:  “All  scientific  specimens 
and  collections,  works  of  art,  objects  of  historic  interest  and  similar 
property  appropriate  to  a general  museum,  if  owned  by  the  State 
and  not  placed  in  other  custody  by  a specific  law,  shall  constitute 
the  State  Museum . . . The  State  Museum  shall  include  the 

work  of  the  State  Geologist  and  Paleontologist,  the  State  Botanist 
and  the  State  Entomologist,  who,  with  their  assistants,  shall  be 
included  in  the  scientific  staff  of  the  State  Museum.” 

This  definition  of  scope  is  clear.  It  is  the  specific  expression  of 
the  intent  of  the  people  of  the  State  to  constitute  and  maintain 
not  alone  a state  museum  of  science,  but  a state  museum  of  art, 
a state  museum  of  history  and  a state  museum  which  may  depict 
any  other  field  of  civic  and  educational  concern  which  in  the  judg- 
ment of  the  Regents  of  the  University,  would  be  justified  by  public 
interest.  The  spirit  of  the  law  where  its  sentences  bear  upon  the 
creation  of  a museum  of  art  and  a museum  of  history  is  so  obvious 
as  to  be  constructively  a co'mmand.  The  wish  of  the  people  and 
the  desire  of  the  Board  in  regard  to  this  expansion  of  the  actual 
museum  nearer  to  the  ideal  of  the  museum  expressed  in  the  law 
have  become  a matter  of  record.  It  is  then  to  be  understood  that 
the  existing  science  museum  of  the  State  represents  the  development 
of  only  one  phase  of  what  should  be,  and  what  within  the  implied 
intention  of  the  law  is  to  be,  the  State  Museum. 
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II 

PRESENT  CONDITION  OF  THE  MUSEUM 

Improved  lighting.  The  original  construction  of  the  overhead 
lighting  system  of  the  Museum  has  proved  so  inadequate  to  the 
demands  that  it  has  been  necessary  to  instal  a more  effective  arrange- 
ment of  electric  illumination  in  certain  of  the  halls.  The  east  and 
west  ends  of  the  main  halls,  allotted  to  paleontology  and  mineralogy 
respectively,  and  which  are  separated  into  panels  where  the  lighting 
has  been  thus  insufficient,  have  been  greatly  helped  by  this  substitu- 
tion and  it  is  now  planned  to  extend  this  supplementary  lighting 
to  the  panels  which  cover  the  entrance  hall  and  the  foyer. 

Attendance.  The  Museum  is  still  visited  by  thousands.  For 
three  years  Sunday  afternoon  opening  has  been  maintained,  but  the 
question  has  been  raised  as  to  the  wisdom  of  continuing  this  pro- 
cedure. The  Sunday  visitors,  unlike  those  of  the  week  days,  are 
mostly  from  the  city  of  Albany,  people  who  have  had  abundant 
and  repeated  opportunity  to  examine  the  collections,  and  since 
the  novelty  of  the  place,  to  these  citizens,  has  grown  less,  the  crowd 
drawn  together  on  these  occasions  are  less  disposed  to  make  their 
visits  for  study  and  instruction  than  for  indiscriminate  meeting  and 
parade.  Herein  lies  a danger  against  which  the  Museum  must  be 
safeguarded. 

Discoloration  of  the  fagade  of  the  Education  Building.  Ever 
since  its  erection  the  marble  colonnade  of  the  Education  Building 
has  shown  increasing  discoloration  from  the  southeast  corner  west- 
ward along  the  Washington  avenue  front.  This  discoloration  is 
too  obviously  irregular  in  its  distribution  to  be  a pleasing  mellowing 
of  the  marble.  It  is  deepest  at  the  corner  referred  to,  and  in  the 
front  grooves  of  the  columns,  and  decreases  in  intensity  away  from 
this  point  along  the  colonnade.  The  result  is  that  the  building  has 
yellowed  at  one  end  and  on  the  front  surfaces  of  the  columns, 
producing  these  unpleasing  contrasts  which  are  obviously  becoming 
more  intense.  The  causes  of  this  discoloration  would  be  reasonably 
clear  to  any  scientific  man  who  understood  the  meteorological  and 
industrial  conditions  of  Albany,  but  to  have  the  matter  investigated 
rationally  in  the  hope  of  finding  the  cause  and  possible  cure,  the 
mineralogist  of  the  Museum,  Mr  Gardner,  has  carried  out  a series 
of  intimate  analyses,  chemical  and  microscopic,  the  results  of  which 
may  here  be  briefly  summarized  thus : 

i Immense  clouds  of  coal  smoke  are  constantly  generated  on  the 
river  front  near  and  opposite  the  foot  of  State  street.  It  is  stated 
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that  in  the  round  house  at  Rensselaer  alone  forty  locomotives  are 
fired  every  day. 

2 These  smoke  clouds  contain  soot  (free  carbon)  and  the  oxides 
of  sulphur  and  iron,  both  of  which  are  derived  from  iron-pyrites, 
a common  impurity  in  all  soft  coal. 

3 Prevailing  south  and  east  winds  at  all  times  of  the  year  sweep 
these  fumes  and  soot  up  the  State  street  canyon,  against  the  Capitol 
whence  they  are  deflected  against  the  east  corner  of  the  Education 
Building  and  from  here  up  the  street. 

4 The  first  visible  effect  of  this  attack  is  the  deposit  of  soot  which 
has  darkened  the  surface. 

5 Further  discoloration  is  caused  by  the  deposit  of  iron  oxide  in 
the  coal  gas. 

6 The  sulphuric  acid  in  the  gas  attacks  the  carbonate  of  lime, 
of  which  the  marble  is  composed,  and  alters  it  to  a sulphate  of  lime 
or  gypsum.  This  change,  on  well-exposed  surfaces,  appears  now  to 
have  extended  inward  to  the  depth  of  one-sixteenth  of  an  inch. 

It  is  thought  that  the  condition  may  be  remedied  by  the  removal 
of  the  discolored  parts  by  sand,  holystone,  or  wire  brush,  and  that 
the  surface  thereafter  be  protected  by  the  application  of  a liquid 
preservative,  though  at  present  we  are  not  in  position  to  recommend 
any  such  preparation  now  on  the  market. 

The  front  of  the  Capitol  is  blackened  and  soot-smeared  by  the 
same  causes,  but  being  of  granite  it  is  very  much  less,  perhaps 
imperceptibly,  affected  by  the  acids  in  the  air.  The  dripping  water 
has  helped  to  spread  this  soot  and  so  increased  the  evil  appearance 
of  the  building. 

The  report  on  this  examination  is  given  elsewhere  in  its  entirety. 
It  is  a precise  technical  analysis  of  the  conditions  and  the  determina- 
tion of  the  agencies  at  work  will  be,  it  is  thought,  of  service  in  the 
new  construction  now  proposed  for  the  Capitol  section. 

Increases  and  changes  in  the  Museum  collections.  A collection 
of  Indian  relics  from  the  old  Seneca  village  of  Totiacton  and 
from  other  habitation  and  burial  sites  of  western  New  York, 
brought  together  by  Mr  Alvin  H.  Dewey  of  Rochester,  has  been 
acquired  for  the  archeology  division  by  the  generous  assistance  of 
Mrs  Frederick  F.  Thompson,  and  some  detailed  account  of  it  is 
given  in  the  report  of  the  Archeologist. 

The  Dewey  collection  is  among  the  last  and  largest  of  the 
assemblages  of  Iroquois  relics  from  western  New  York  and  it  has 
added  many  fine  and  some  unique  articles  to  the  Museum,  which 
has  now  become  the  depositary  of  the  most  extensive  series  of 
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remains  of  the  Iroquois  culture.  It  is  increasingly  difficult  to  obtain 
true  ethnological  material  of  early  Indian  days,  the  simple  furnishings 
of  the  everyday  domestic  life  of  the  Iroquois.  Little  now  of  the  kind 
is  left  among  the  older  families,  much  has  fallen  into  decay  and  the 
rest  pretty  largely  gathered  up.  A small  collection  of  such  ethno- 
logical material  has,  however,  been  obtained  from  Mrs  Laura  Doctor 
of  the  Tonawanda  reservation,  for  which  the  Museum  is  again 
indebted  to  the  interest  of  Mrs  Thompson. 

During  most  of  the  year  Mr  Bishop  and  Mr  Paladin  of  the  zoology 
division  were  absent,  the  former  on  navy  service,  the  latter  in  the 
army.  In  consequence  little  progress  could  be  made  in  increasing 
or  improving  these  collections.  A very  effective  installation  has 
been  made  of  a group  of  eight  timber-wolves  in  early  winter  surround- 
ings, and  also  of  nesting  and  fledgling  flickers  in  a tree  section  ten 
feet  high.  Plans  have  been  drawn  for  a case  of  American  beaver 
which  will  give  a fair  and  full  exposition  of  the  activities  of  a beaver 
family,  not  only  in  dam-building  but  in  house  construction.  These 
plans  call  for  a large  group  requiring  much  detail  in  its  preparation. 

The  exhibited  part  of  the  Arnold  bird-egg  collection  has  been 
increased  by  the  extension  of  the  wall  cases  in  the  rotunda  corridors 
so  that  they  have  now  reached  the  possible  limit,  and  as  now  displayed 
present  an  impressive  appearance.  A very  large  number  of  dupli- 
cates remain  in  storage.  The  surroundings  of  the  cases  have  been 
improved  by  the  installation  of  seventy  original  india  ink  paintings 
by  Ernest  Seton  Thompson,  forming  seven  panels. 

Restoration  of  the  Sterlingbush  calcite  grotto.  In  the  year  1906 
the  members  of  the  geological  staff  engaged  in  field  work  in  northern 
New  York  discovered  a cave  in  the  limestones  near  Sterlingbush, 
Lewis  county,  which  was  unique  and  beautiful.  Observing  a small 
opening  on  the  face  of  the  quarry  and  some  20  feet  above  the  quarry 
floor,  examination  by  ladders  and  staging  revealed  a crystal-lined 
cavern  opening  out  to  a few  feet  in  width,  running  about  40  feet 
inward  and  then  pinching  out.  The  crystals  lined  the  cavern 
completely,  attached  at  the  sides  but  on  the  bottom  lying  free,  and 
their  size  was  most  impressive.  Some  were  immense,  probably 
among  the  largest  ever  found,  while  the  greater  part  of  the  exposed 
surface  of  the  cave  bore  superb  crystals,  deeply  colored  of  an 
amethystine  violet,  and  the  interstices  were  filled  with  clusters  of 
smaller  but  perfect  crystallizations. 

It  was  a great  pity  that  this  brilliant  grotto  preserving  crystals 
in  such  extraordinary  aggregation  could  not  have  been  preserved 


Reconstruction  of  the  Sterlingbush  calcite  cave 
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The  Hclderberg,  or  Lower  Devonian  group.  Reconstruction  of  the  life  forms  in  natural  surroundings. 
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for  the  benefit  of  the  people  of  the  State,  but  its  inaccessibility,  its 
deep  penetration  into  the  solid  mass  of  rock  and  the  purpose  of  the 
quarry  owners  to  cut  it  away,  made  it  necessary  to  do  what  was 
possible  to  save  the  crystals.  Not  less  than  ten  tons  of  these  were 
removed  and  it  is  some  part  of  these  that  have  been  used  in  the 
effort  to  produce,  in  the  halls  of  the  Museum,  a replica  of  the  cavern 
on  diminished  scale.  The  intricate  and  difficult  work  of  restoration 
and  construction  in  the  mineralogy  hall,  has  been  accomplished  with 
a very  striking  effect  and  the  observer  is  able  to  get  from  it  a satis- 
factory impression  of  the  appearance  of  the  cave  with  its  crystal- 
lization and  glowing  colors.  The  clever  disposition  of  the  electric 
lighting  brings  out  the  deep  rose  shades  shown  by  transmitted  light 
and  the  amethyst  color  seen  under  reflected  rays.  The  plan  has 
been  worked  out  and  executed  by  Noah  T.  Clarke  and  Charles  P. 
Heidenrich. 

Restorations  of  invertebrate  fossils.  The  desirability  of  increasing 
the  number  of  such  restorations  of  the  invertebrate  animals  of  our 
ancient  faunas  as  will  serve  to'  give  adequate  conceptions  of  their 
living  form,  has  made  itself  so  evident  that  plans  have  been  put 
into  effect  for  the  execution  of  additional  exhibits.  Last  year  an 
underwater  group  showing  the  fauna  of  the  Portage  group  (Upper 
Devonian)  of  western  New  York  was  installed  and  has  excited 
general  interest  and  much  expert  approval.  There  has  recently 
been  added  to  the  series  of  reconstructions  a group  portraying  the 
living  form  of  the  marine  animals  belonging  to  the  seas  of  the  Lower 
Devonian  of  eastern  New  York  as  exemplified  in  the  region  of  the 
Helderberg  mountains.  A photograph  of  this  group  is  here  inserted 
with  additional  illustrations  of  individual  restorations  in  order  to 
show  the  detail  in  which  the  work  has  been  elaborated.  Fortunate 
provision  by  a friend  of  the  Museum  will  probably  permit  the  increase 
of  this  series  of  illustrations  of  the  life  of  our  long  past. 

New  York  fishes.  The  collections  have  been  removed  to  the 
walls  of  the  zoology  hall,  in  order  to  save  space,  and  the  present 
arrangement  appears  to  be  very  effective.  The  collection  of  the 
food  and  game  fishes  is  not  so  extensive  as  it  should  be,  and  there 
has  been  good  reason  to  hope  for  an  increase  in  it  through  private 
means.  This  may  be  realized;  it  is  much  needed  as  public  interest 
in  the  fishes  is  very  keen. 

Additions  from  field  operations.  While  materials  in  all  branches 
of  natural  history  are  constantly  coming  to  the  Museum,  important 
special  additions  have  been  in  several  directions : 
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1 An  extensive  series  of  fossil  Eurypterida  from  a new  horizon 
in  the  Salina  or  Vernon  shales  at  Pittsford,  affording  fine  specimens 
of  species  already  described  and  of  some  heretofore  unknown. 

2 A special  series  of  natural  abrasive  materials  brought  together 
in  the  field  work  of  Mr  Colony,  whose  report  on  this  subject  has 
now  been  printed. 

3 An  extensive  collection  of  the  fossils  of  the  Stafford  limestone 
(Middle  Devonian)  from  LeRoy  and  Stafford. 

The  proposed  statue  of  Prof.  Joseph  Henry.  The  matter  of  the 
creation  of  a statue  of  this  eminent  American,  whose  earliest  experi- 
ments on  electrical  transmission  were  made  in  the  Albany  Academy, 
became  in  a proper  sense  one  of  the  concerns  of  the  State  Museum 
as  a result  of  a duly  organized  committee  for  this  purpose,  of  which 
the  President  of  the  University  was  a member  and  the  Director 
of  the  Museum  secretary  and  treasurer.  At  a public  meeting  of 
the  National  Academy  of  Sciences  held  in  New  York  in  the  autumn 
of  1915,  Prof.  Michael  I.  Pupin,  the  distinguished  electro-mechanician, 
spoke  in  such  pleasing  eulogy  of  Joseph  Henry  and  his  pioneer  work 
in  the  field  of  electrics  that,  at  the  suggestion  of  the  writer,  who 
was  present  at  the  address,  he  was  invited  by  the  President  of  the 
University  to  come  to  Albany  and,  the  occasion  of  his  visit  being 
fixed,  Professor  Pupin  was  tendered  a dinner  by  Regent  Charles  B. 
Alexander,  chairman  of  the  Museum  committee.  The  dinner  was 
held  at  the  Ten  Eyck  Hotel  May  24,  1916,  with  the  following  guests: 

Charles  B.  Alexander,  Regent  of  the  University 

Martin  H.  Glynn,  Former  Governor  of  New  York 

Pliny  T.  Sexton,  Chancellor  of  the  University 

Dr  Albert  Vander  Veer,  Vice  Chancellor  of  the  University 

John  H.  Finley,  President  of  the  University 

John  J.  Carty,  President,  National  Institute  Electrical  Engineers 

Chester  S.  Lord,  Regent  of  the  University 

Francis  M.  Carpenter,  Regent  of  the  University 

Abram  I.  Elkus,  Regent  of  the  University 

Adelbert  Moot,  Regent  of  the  University 

Walter  G.  Kellogg,  Regent  of  the  University 

William  Berri,  Regent  of  the  University 

James  Byrne,  Regent  of  the  University 

Henry  P.  Warren,  Headmaster,  Albany  Academy 

J.  Townsend  Lansing,  President,  Albany  Institute 

John  M.  Clarke,  Director,  State  Museum 

At^the  close  of  the  dinner,  the  writer  acting  as  toastmaster,  brief 
addresses  were  made  by  Governor  Glynn,  Doctor  Finley,  and  Doctor 


Scytalocrinus.  The  Helderberg  sea-lily  as  in  life. 


Detail  from  the  Helderberg  .group.  Nautilus  (Gyroceras)  attacking  a Trilobite  (Homalonotus). 
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Carty,  Mr  Glynn  having  special  interest  in  the  event  because  of 
his  part  in  securing  the  Flanagan  model,  and  Doctor  Carty  because 
of  his  practical  appreciation  of  Henry’s  great  service.  The  propo- 
sition was  formally  made  to  erect  in  Albany  a statue  and  to  this 
suggestion  Mr  Pupin  spoke  at  some  length  and  with  much  enthusi- 
asm. At  the  close  of  the  dinner  a considerable  number  of  the  party, 
including  Mr  Pupin,  went  to  the  State  Museum  to  see  the  Flanagan 
model  of  Henry.  A pledge  was  there  given,  by  Mr  Pupin,  to 
those  present,  of  a contribution  of  one-half  the  sum  necessary  to 
erect  the  statue,  if  that  half  did  not  exceed  $15,000.  There  was  no 
reporter  present  at  either  gathering,  but  the  Albany  Times- Union, 
of  which  Mr  Glynn  is  editor  and  proprietor,  said  the  next  day  (May 
25th) : “Professor  Pupin,  after  seeing  the  statue  and  the  instruments 
of  the  great  inventor,  exclaimed,  ‘There  ought  to  be  a monument 
erected  to  this  great  man.  I feel  so  strongly  about  this  matter  that 
I tell  you  gentlemen  now  that  I will  pledge  to  raise  $15,000  or  one-half 
of  the  amount  necessary , if  you  gentlemen  will  raise  the  rest.’  ” The 
Albany  Evening  Journal  of  the  same  date  stated:  “Mr  Pupin  said: 

‘ If  you  people  here  will  chip  in  and  do  your  share,  I will  bring  you 
$15,000  to  help  build  this  statue.’  ” 

Mr  Pupin’s  promise  was  received  with  enthusiasm  by  those 
gathered  about  the  model  and  subscriptions  were  immediately  made 
to  the  amount  of  $1000.  A local  committee  was  already  in  process 
of  organization;  the  organization  was  at  once  completed,  and  the 
writer  as  its  secretary-treasurer  proceeded  to  raise  the  amount 
required  to  meet  one-half  the  cost  of  the  proposed  statue.  In  the 
judgment  of  the  committee,  $25,000  was  regarded  adequate  for  this 
purpose  and  in  due  course  the  sum  of  $12,500  was  subscribed  and 
paid  in  (actually  $12,700  now  at  interest  in  the  Albany  savings 
banks) . 

We  went  into  the  war.  Mr  Pupin,  a Serbian  by  birth  and  at  that 
time  Serbian  consul  to  the  United  States,  was  faced  with  imperious 
calls  for  help  from  that  tortured  country.  Mr  Pupin  also  became 
busily  engaged  in  war  service  boards  where  his  technical  knowledge 
was  required.  These  constituted  valid  reasons  for  deferring  his  part 
in  the  Henry  statue  agreement.  In  the  spring  of  1918,  at  the 
meeting  of  the  National  Academy  of  Sciences,  he  gave  his  word 
to  the  treasurer  to  pay  his  share  “after  the  war.” 
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III 

THE  SCIENTIFIC  RESERVATIONS  UNDER  CONTROL  OF 

THE  MUSEUM 

(with  notes  on  others) 

The  number  of  these  reserves  which  have  been  set  apart  by  the 
interest  of  private  citizens  and  placed  in  control  of  the  Museum, 
has  been  increased  by  the  addition  of  Squaw  island , Canandaigua 
lake,  which  has  a special  geological  interest  from  the  fact  that  the 
pebbles  which  compose  it  are  algal  balls  or  deposits  of  lime-carbonate 
produced  by  precipitation  through  the  action  of  algal  growth  in  the 
lime-bearing  waters.  The  formation  is  highly  instructive  and  the 
process  by  which  these  algal  deposits  or  “water-biscuits”  were 
formed  was  set  forth  some  years  ago  by  the  writer  in  Museum  Bul- 
letin 39.  Since  then  the  island  and  its  formation  have  become  of 
increased  interest,  not  alone  from  the  fact  that  it  is  the  only  place 
known  in  the  State  where  this  process  of  algal  action  and  lime- 
deposit  is  going  on  in  this  form,  but  also  because  these  “water- 
biscuits”  throw  intimate  light  on  the  interpretation  of  the  ancient 
algal  reefs,  such  as  the  Cryptozoon  reef  near  Saratoga  and  the 
great  reefs  in  the  Precambrian  of  the  Rocky  mountains.  Squaw 
island  is  thus  a geological  monument  worthy  of  protection  and 
special  note.  Of  late  years  the  waters  of  the  lake  have  been  under- 
mining the  north  end,  but  this  encroachment  it  is  now  hoped  may 
be  stopped  with  the  construction  of  a sea  wall  or  a setting  of  willows. 
Through  the  interest  of  a benefactor  of  the  Museum  a large  glacial 
boulder  has  been  moved  to  the  island  from  the  grounds  of  Brigham 
Hall,  three-fourths  of  a mile  away,  and  to  this  has  been  attached  a 
bronze  explanatory  tablet,  these  together  constituting  a conspicuous 
and  appropriate  interpretation  to  visitors,  of  the  significance  and 
educative  interest  of  the  place.  The  State  Museum  acknowledges 
its  obligation  in  this  matter  to  Mrs  Frederick  F.  Thompson  for  the 
erection  of  the  monument  and  tablet  and  for  the  protection  of  the 
shores  of  the  island,  and  to  Dr  Robert  C.  Cook  of  Canandaigua  for 
the  gift  of  the  boulder. 

Stark’s  Knob  volcano.  This  monument,  situated  2 miles  north 
of  Schuylerville,  has  been  provided  with  a proper  series  of  guide 
and  explanation  tablets,  and  the  electric  railroad  passing  that  point 
has  established  a station  with  landing  and  sign  to  be  knowmas 
“Stark’s  Knob.” 

Cryptozoon  ledge,  near  Saratoga;  Clark  reservation,  near  James- 
ville.  These  two  reservations  have  been  carefully  inspected.  The 


Edgewise  conglomerate.  Note  groups  of  pebbles  showing  par  allel  arrangement  including  both  horizontal  and  vertical.  Best 
shown  at  base  and  at  the  right.  The  later  growths  of  St  romatopora  are  well  shown.  Lockport  dolomite,  Sconondoa, 
Oneida  co.  N.  Y. 
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Edgewise  conglomerate.  Lower  part  of  view  shows  pebbles  of  Stromatopora  which  have  been  broken  and  slumped  on  slop- 
ing sea  bottom.  The  pebbles -are  covered  with  the  new  growth  of  Stromatopora.  From  Lockport  dolomite  at  Sconondoa, 
Oneida  co.  N.  Y. 


HE 


Edgewise  conglomerate.  Opposite  view  of  specimen  shown  in  preceding  plate. 
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former  is  well  monumented  and  is  kept  in  order  with  comparatively 
little  supervision.  The  latter,  covering  an  area  of  no  acres,  some 
part  of  which  is  rough  wild  land,  is  under  the  inspection  and  patrol 
of  a deputy  sheriff,  specially  appointed,  as  the  place  is  much  visited 
because  of  its  attractive  geology,  botany  and  scenery  and  as  a result 
suffers  considerable  wear  and  tear  which  the  present  custody  is 
unable  to  control.  Reasonable  expenditure  is  here  required  for 
fences,  walks  and  stairways. 

The  “ Devil’s  Pulpit.”  This  is  an  extraordinary  glacier-transported 
block  situated  about  2 miles  east  of  Batavia  on  the  property  of 
Mrs  Clark,  along  the  highway  to  Le  Roy.  It  has  long  been  known 
and  a picture  of  it  was  given  in  Hall’s  “Geology  of  the  Fourth 
District”  1843.  The  old  woodcut  is  here  reproduced  and,  in  com- 


The  “ Devil’s  Pulpit  ” in  1842 

(From  Hall’s  “ Geology  of  His  Fourth  District,”  1843) 


parison  with  the  photograph  of  the  block  as  it  now  stands,  shows 
that  the  lapse  of  nearly  80  years  has  made  little  difference  in  the 
appearance  and  form  of  the  object.  It  is  an  interesting  phenomenon. 
Its  base  30  feet  across  is  a mass  of  the  unlaminated  magnesian 
limestone  known  locally  as  “bull-head”  and  belonging  to  the  strata 
immediately  above  the  Lockport  dolomite.  Above  this  broad  base 
is  a narrowed  mass  of  laminated  hydraulic  limestone  which  is  capped 
by  an  expanded  block  of  more  compact  material,  the  whole  con- 
stituting a section  of  the  Bertie  waterlime,  taking  on  a roughly 
hour-glass  shape,  having  a height  of  about  30  feet.  This  Silurian 
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block  rests  on  the  Onondaga  limestone  (Devonian)  plateau  and 
has  been  transported  by  the  glacier  only  a short  distance,  as  the 
outcrop  of  these  strata  lies  about  5 miles  to  the  north.  James  Hall, 
in  the  report  referred  to,  says:  “There  were  formerly  several  of 
these  on  the  road  from  Caledonia  to  Batavia  but  this  is  the  only 
one  now  remaining.”  As  the  survivor  of  a number  of  these  great 
transported  blocks  of  especial  interest  because  of  the  evidence  they 
afford  of  the  degree  to  which  the  outcropping  edges  of  these  Silurian 
strata  were  ripped  up  by  the  moving  ice,  the  “Devil’s  Pulpit” 
bespeaks  a watchful  guardianship.  The  owners  of  the  property  on 
which  it  rests  appreciate  the  interest  attaching  to  it  and  during 
the  past  year,  through  the  interest  of  Kirke  B.  Mathes  of  Batavia, 
the  Holland  Purchase  Historical  Society  of  that  city  has  undertaken 
. further  responsibility  for.  its  protection,  which  is  sufficient  guaranty 
of  its  perpetuity.  It  is  hoped  that  an  explanatory  tablet  may  be 
placed  near  the  object. 

Bird  reservations.  There  has  been  evident  a greatly  increasing 
interest  in  the  study  and  protection  of  birds  throughout  the  State 
in  the  past  few  years,  and  this  activity  has  been  obviously  fostered 
by  the  Museum  publications  on  these  themes.  During  the  last 
year  reports  have  been  received  of  the  organization  of  several  new 
local  clubs  for  bird  study  and  of  the  establishment  of  bird  sanctuaries 
on  private  grounds. 

Chimney  Island,  St  Lawrence  river.  Among  others,  the 
Ogdensburg  Bird  Club  has  been  presented,  by  the  generosity  of 
John  C.  Howard,  Esq.  and  Miss  Mary  Sherman  of  that  city, 
with  an  islet  in  the  St  Lawrence  river,  called  Oraconenton  by 
the  Indians,  by  the  French,  Isle  Royale,  and  Chimney  island 
in  the  present  vernacular.  It  is  now  without  human  inhabitants 
but  in  the  French  wars  played  an  effective  part  in  the  his- 
tory of  the  St  Lawrence  valley.  The  Rev.  D.  Charles  White  of 
Ogdensburg  has  been  kind  enough  to  indicate  the  historical 
associations  of  the  island  which  add  much  to  its  present  interest. 
The  French,  under  Levis,  built  a fort  on  the  island  and  called  it 
Fort  Levis.  This  was  in  1758  just  before  the  fall  of  Quebec.  Sir 
Jeffrey  Amherst,  who  was  wanted  immediately  after  that  event  for 
the  task  of  subduing  Montreal,  was  taking  his  way  thither  in  a 
leisurely  and  very  indirect  fashion  from  the  south.  By  1760  he  was 
on  detour  to  his  destination  and  came  by  way  of  Isle  Royale  with  a 
large  force.  The  fort  on  the  island,  according  to  the  account  given 
by  Knox,  historian  of  the  campaign,  covered  the  entire  surface  of 
the  island  to  its  shores  and  was  regarded  as  a strong  redoubt,  but 


The  “Devil’s  Pulpit”  near  Batavia.  A transported  block  of  hydraulic  limestone.  Courtesy  of  K.  B.  Mathes.  1919 
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it  succumbed  to  Amherst’s  attack  and  Pouchot,  its  commandant, 
surrendered  his  force  of  300  men.  Lord  Amherst  then  renamed 
the  place  Fort  William  Augustus.  The  island  still  holds  traces  of 
the  French  redoubt,  and  its  historic  association,  together  with  its 
present  purpose,  serves  to  establish  its  interest  to  the  community. 

Little  Duck  Island,  Maine.  A few  years  ago  Mr  Benjamin 
Walworth  Arnold  of  Albany,  honorary  curator  of  ornithology  in  this 
Museum,  acquired  possession  of  this  island,  which  lies  some  8 miles 
south  of  Mount  Desert  island,  for  the  purpose  of  creating  a protected 
lodge  for  the  nesting  water  fowl.  The  fact  of  the  existence  of  this 
bird  sanctuary  is  too  little  known  to  American  bird  students  and 
it  is  appropriate  to  the  interests  of  this  subject  to ’present  the 
following  brief  account  of  it  which  Mr  Arnold  has  prepared : 

Little  Duck  island  lies  some  8 miles  south  of  Mount  Desert  island  and  is  quite 
alone  in  the  ocean.  It  has  been  the  nesting  home  for  sea  birds  away  back  into 
the  dim  past.  There  are  no  springs  there,  no  fresh  water,  consequently  many 
of  the  birds’  vital  enemies  could  not  live  there  even  if  they  succeeded  in  swimming 
from  the  nearest  island  across  the  four  or  five  miles  of  open  ocean  intervening. 

When  the  herring  gulls  leave  the  harbors  of  New  England  and  farther  south  in 
the  spring  for  their  nesting  places  on  the  Maine  coast,  many  come  back  to  Little 
Duck  island  and  by  the  middle  of  May  the  winter  residents  have  moved  north- 
ward and  the  summer  residents  have  started  to  build  their  nests. 

By  ( ounting  the  birds  from  different  parts  of  the  island  as  they  return  before 
sunset,  we  believe  that  from  twelve  to  fifteen  thousand  gulls  summer  there,  and 
this  number  is  doubtless  at  least  doubled  by  the  young  broods  of  three  in  each 
nest. 

By  about  the  first  of  June  the  eggs  are  all  laid  and  by  the  first  of  July  they 
are  nearly  all  hatched  and  the  young  birds  are  running  in  the  tall  grass  and  weeds 
trying  hard  to  hide  from  people  as  well  as  from  some  of  the  older  gulls  which 
occasionally  become  fierce  and  attack  the  young  viciously,  often  killing  a good 
many  of  them.  The  gulls’  nests  on  Little  Duck  island  are  all  on  the  rocks  or  on 
the  ground.  Many  of  them  are  under  the  smaller  spruce  trees  but  I believe  they 
naturally  prefer  small  depressions  in  the  rocks. 

Early  in  June  the  black  guillemots  (sea  pigeons)  lay  their  eggs  in  cavities  in 
the  rocks  or  under  broken  rocks.  The  guillemot’s  eggs  are  extremely  beautiful 
and  the  two  eggs  lie  in  a slight  depression  in  the  rock  or  on  a few  small  stones  but 
always  protected  from  rain  by  rock  above. 

Early  in  June  the  night  herons  return  to  the  rookery  on  Little  Duck.  These 
very  interesting  birds,  like  the  guillemots,  are  absolutely  quiet  at  the  nesting 
place  and  there  is  nothing  to  indicate  the  presence  of  the  rookery  until  one  is 
right  upon  the  nests.  The  nests  are  built  in  thickets  of  small  spruces  and  balsam, 
generally  in  easy  reach  from  the  ground. 

Perhaps  the  most  interesting  member  of  Little  Duck’s  summer  colony  is 
Leach’s  petrel,  which  arrives  early  in  July,  and  in  some  years,  is  probably  more 
numerous  than  all  the  other  bird  inhabitants  combined.  The  petrels  are  weird 
little  birds.  They  fly  as  if  they  constantly  skimmed  on  the  surface  of  the  waves. 
The  petrel  has  a little  bump  on  the  top  of  its  bill  similar  to  all  the  albatross  family. 
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When  handled,  it  secretes  from  its  bill  a yellowish  substance  of  strong,  rather 
objectionable  odor.  The  petrel  nest  is  at  the  end  of  a burrow  perhaps  two  feet 
long  and  generally  two  to  four  inches  under  the  surface  of  the  ground  but  fre- 
quently under  rocks.  The  petrel  lays  one  white  egg.  Often  this  egg  has  very  fine 
pinkish  red  spots  at  the  larger  end.  The  young  petrel  is  a delightful  little  object, 
covered  with  down  for  the  first  month  or  so  of  its  existence  and  almost  as  weird 
as  its  parents  but  not  resembling  them  at  all  except  in  webbed  feet  and  humped 
bill.  Occasionally  the  petrels  are  so  late  in  returning  that  some  of  the  young  are 
frozen  before  they  are  large  enough  to  fly. 

The  petrel  is  perhaps  the  most  interesting  of  the  Little  Duck  bird  colony. 
One  of  the  birds  remains  in  the  burrow  on  the  nest  in  the  daytime  and  the  other 
comes  in  at  night  to  take  its  place.  Some  of  the  most  interesting  nights  I have 
ever  spent ‘hav^  been  on  Little  Duck  waiting  for  the  petrels  to  come  home.  For 
an  hour  or  more  before  sundown  the  gulls  are  returning  to  the  island  continuously 
and  as  each  gull  seems  to  have  a great  deal  to  say  to  his  neighbors,  the  air  is  filled 
with  a perfect  bedlam  of  shouts  and  choruses  which  continue  after  h ? sun  sets. 
As  the  darkness  comes  on  the  gulls  become  less  and  less  noisy  and  gradually  their 
stories  seem  to  be  told  and  they  are  quieter  and  quieter  until  only  here  and  there 
some  old  gull  con  inu  s to  shout.  Finally  the  last  word  has  been  said  and  Little 
Duck  is  absolutely  still  for  perhaps  a half  hour  until  darkness  has  come  and  per- 
haps until  you  are  beginning  to  think  that  there  are  no  petrels  coming  in  from  the 
ocean.  Very  soon,  however,  you  will  see  something  fly  swiftly  past  in  the  night 
and  then  you  hear  the  peculiar  twitter  of  the  returning  petrel  as  it  flutters  around 
you  in  search  of  its  nest,  and  you  will  also  hear  the  answer,  an  entirely  different 
note,  from  the  other  petrel  waiting  at  the  mouth  of  the  burrow  for  its  mate. 
The  flutter  and  twitter  of  the  petrel  continues  through  the  night  until  an  hour  or 
so  before  sunrise,  which  we  might  call  the  hour  of  silence,  is  finally  broken  by  the 
scream  of  a waking  gull  followed  immediately  by  shrieks  from  thousands  of  throats 
and  the  day  starts. 

The  birds  on  Little  Duck  island  have  a few  enemies  — an  occasional  snake 
destroys  a petrel  home  and  sometimes  a crow  is  brave  enough  to  taste  a gull’s 
egg,  while  the  parent  gull  is  absent,  and  in  August  and  later  there  is  often  a duck 
hawk  or  an  eagle  or  even  a smaller  hawk  flying  around  the  island  looking  for  young 
gulls,  but  altogether  the  inhabitants  of  the  island  seem  to  be  generally  undis- 
turbed and  let  us  hope  they  are  content  with  their  existence. 

Seneca  Indian  Monument  at  Canandaigua.  Some  years  ago  in 
making  excavation  necessary  for  the  parking  of  grounds  about  the 
swimming  school  at  the  lake  edge  in  the  city  of  Canandaigua,  a 
Seneca  burial  was  uncovered  which  contained  the  skeletons  of 
sixteen  males  lying  in  a half  circle  with  feet  toward  the  center  and 
faces  toward  the  lake.  These  remains  were  reinterred  within  the 
grounds  and  grove  of  the  park  and  a rough  stone  monument  placed 
above  them.  To  this  stone  has  now  been  attached  a suitable  bronze 
inscription  tablet,  suggested  by  this  office  and  paid  for  by  Mrs 
Frederick  F*  Thompson. 
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STATE  MESEUM  RESERVATION  - 

Ar/rim-VO  TO  TR  ADITION  IT  WAS  ON  TffTS  IM  AND  THAT  THF 
WOMEN  FROM  THE  SENECA  VILLAGE  : AT  KANANDARQ'OEI  . A 
MILE  TO  THE'  NORTHEAST,  TOOK  REFUGE  AT,  THE  TIME  OF 
GENERAL  SULLIVAN’S  RAID  1779 

SQUAW  I SI.  AND  IS  OF  UNUSUAL  GEOLOGICAL  INTEREST.  II 
IS  A SAND  AND  GRAVEL  BAR  MADE  BY  THE  INFLOW  OF  SUCKER 
'BROOK  ITS  BEAC'HES  ARF.  COVERED  WITH  ''WATER-BIStunM 
THE  PEBBLES  IN  THE  BEACH  WATERS  ARE  COATED  WITH  A 
SOFT  GRFFN  "WATER "PLANT,  OR  ALGA.  LIKE  OTHER  PLANTS, 
THIS  ALGA  REQUIRES  CARBONIC  ACID  GAS  IN  ORDER  TO 
KFER  THE  LIME  IN  SOLUTION.' THE  BROOK’  WATERS  CARRY  THIS 
CAR.B0N.If  ACID  GAS.  THE  ALGA  STEALS  A PART  OT  J AND 
IN  CONSEQUENCE  THE  LIME  IS  DROPPED  ON  THE  PEBBLE: 
WHERE  THE  PLANT  IS  GROWING.  BY  THIS  CONTINUOUS  PROCESS 
TH£"WAlER-BLSCUrTS”ARE  BUILT  UP.  THEY  ARE  COMPOSED  OF 
A FELT  OF  PLANT  THREADS  COATED  WITH  LIME  IN  SUCCESSIVE 
LAYERS.  ALGAE  OR  WATER-WEEDS  OF  THIS  SIMPLE  STRUCTURE 
WERE  THE.  MOST  ANCIENT  LIVING  THINGS  OF  THE  WORLD  AND  i 
THEY  PRODUCED  LIME  DEPOSITS  ON  SO  GREAT  A SCALE  aS 
TO  MAKE  REEFS  IN  THE  SEA.  THE  SQUAW  ISLAND  waTER- 
RISCUITS”  WAVE  BEEN  THE  CHIEF  MEANS  OF  INTERPRETING 
THESE  ANCIENT  SEA-PLANTS  AND  THEIR  STONE  REEFS. 

DO  NOT  INJURE  THE  TREES  AND  BEACHES 
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IV 

DEPARTMENT  PUBLICATIONS 

During  the  year  the  bulletins  of  the  Museum  have  been  issued 
as  rapidly  as  circumstances  permitted.  They  have  the  following 
numbers  and  titles : 

200  Key  to  American  Insect  Galls.  By  E.  P.  Felt 

201  Genesis  of  the  Zinc  Ores  of  the  Edwards  District,  St  Lawrence 

County.  By  C.  H.  Smyth,  jr 

202  33d  Report  of  the  State  Entomologist,  1917.  By  E.  P.  Felt 

203-4  High  Grade  Silica  Materials  for  Glass,  Refractories  and 

Abrasives.  By  R.  J.  Colony 

205-6  Report  of  the  State  Botanist  for  1917.  By  H.  D.  House 

207-8  Director’s  Report  for  1917 

209-10  Pleistocene  Marine  Submergence  of  the  Hudson,  Cham- 
plain & St  Lawrence  Valleys 

211-12  Geology  of  the  Lake  Placid  Quadrangle 

213-14  Geology  of  the  Schroon  Lake  Quadrangle 

The  State  Museum  Bulletin  is  now  issued  as  a regular  monthly 
periodical.  This  arrangement  holds  back  in  some  degree  the  number 
of  the  reports  which  can  be  issued  in  any  one  year,  as  it  seems 
impracticable  with  the  present  service  to  issue  more  than  one  a 
month,  while  it  might  be  possible  for  the  staff  to  prepare  more  than 
twelve  a year. 
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V 

REPORT  ON  THE  GEOLOGICAL  SURVEY 

The  progress  of  the  areal  geological  survey  of  the  State  on  the 
topographic  scale  of  one  mile  to  the  inch  has  now  progressed  so  far 
as  to  make  it  possible  to  reconstruct  a geological  map  of  the  entire 
State  on  a smaller  scale.  There  still  remain  considerable  areas 
unsurveyed  but  for  the  most  part  these  are  bounded  by  other  areas 
whose  topography  and  geology  are  known,  and  on  a lesser-scale 
map  their  surfaces  might  be  covered  with  geological  boundaries  with 
approximate  accuracy.  There  has  been  no  geological  map  of  the 
entire  State  issued  since  1901,  eighteen  years  ago.  The  progress 
of  detailed  field  observation  has  made  a new  edition  of  the  map 
on  a scale  of  5 miles  to  the  inch  almost  imperative  to  meet  the 
demands  of  commerce  and  of  the  schools.  The  creation  of  a new 
base  map  has  been  the  chief  obstacle  to  this  procedure.  The 
map  of  1901  and  the  previous  map  of  1894  had  a very  imperfect 
base  due  to  the  fact  that  but  little  of  the  topographic  survey  had 
been  done.  The  provision  recently  made  by  the  Legislature  for 
the  production  of  a base  map  of  the  State  on  the  scale  of  4 miles 
to  the  inch  which  can  be  used  for  various  departmental  purposes 
would  have  helped  forward  this  plan  although  the  scale  is  larger 
than  that  we  have  hitherto  used  but  not  too  large  for  the  great 
amount  of  detail  which  a geological  map  must  now  of  necessity 
carry.  Unfortunately  the  provision  thus  made  failed  to  meet  the 
approval  of  the  Governor. 

Lyon  Mountain  Quadrangle.  Dr  William  J.  Miller  reports  his 
operations  in  this  region  as  follows : 

With  the  exception  of  the  glacial  and  postglacial  deposits,  all  the 
rocks  of  the  quadrangle  are  of  Precambrian  age.  Oldest  of  all  are 
a few  small  remnants  of  the  Grenville  series  badly  cut  to  pieces  and 
more  or  less  assimilated  and  highly  injected  by  the  intrusive  rocks. 

So  far  as  known,  the  next  oldest  rocks  are  gabbro  and  hornblende 
gneiss  or  amphibolite.  Much  of  the  gabbro,  which  usually  has  an 
ophitic  texture  and  is  very  massive,  is  clearly  older  than  the  granites 
of  the  region,  and  younger  than  the  Grenville,  as  shown  by  the 
field  relations.  Some  of  the  gabbro,  as  is  well  known  for  the  Adiron- 
dacks  in  general,  may  be  younger  than  the  syenite-granite  series, 
but  no  positive  proof  for  such  younger  gabbro  was  obtained.  In 
many  places  the  true  gabbro  grades  into  hornblende  gneiss  or  amphi- 
bolite. But  it  is  by  no  means  certain  that  all  the  hornblende  gneiss 


REPORT  OF  THE  DIRECTOR  1918 


23 


and  amphibolite  of  the  district  are  facies  of  the  old  gabbro.  Some 
may  be  younger,  and  some  may  possibly  represent  metamorphosed 
portions  of  the  Grenville  series. 

Anorthosite,  which  is  clearly  younger  than  the  Grenville,  and 
older  than  the  syenite-granite  series,  occurs  in  several  small  areas. 
It  is  mostly  of  the  Whiteface  type.  Its  age  relation  to  the  old  gabbro 
could  not  be  definitely  determined. 

Several  varieties  of  granite,  granitic  syenite  and  quartz  syenite 
constitute  the  main  bulk  of  the  rocks  of  the  quadrangle.  Among 
these  the  variety  of  chief  interest  is  a fine  to  medium-grained, 
usually  pink,  rock  locally  varying  from  a true  granite  through 
granitic  syenite  to  quartz  syenite  or  even  quartz  diorite.  A mag- 
matic flow-structure  foliation  is  generally  more  or  less  well  developed. 
The  writer  has  called  this  rock  the  “Lyon  Mountain  granite”  because 
of  its  excellent  exposures  in  and  near  Lyon  Mountain  village.  The 
rock  is  also  extensively  developed  in  Johnson  mountain,  Duncan 
mountain,  and  in  the  valley  of  the  Saranac  river. 

There  is  considerable  evidence  to  show  that  the  Lyon  Mountain 
granite  grades  into,  and  is  only  a facies  of,  a coarse-grained,  usually 
gneissoid  rock  which  the  writer  has  called  the  “Hawkeye  granite” 
because  of  its  excellent  exposures  in  the  vicinity  of  Hawkeye  village. 
This  rock  is  extensively  developed  in  Silver  Lake  mountain,  in  the 
southwestern  portion  of  the  quadrangle,  and  in  the  southeastern 
half  of  the  great  mass  of  Lyon  mountain. 

Special  mention  should  be  made  of  the  dikes  and  other  masses 
of  pegmatite  and  silexite,  and  dikes  of  aplite,  which,  in  age  and 
origin,  are  closely  associated  with  the  granites.  The  Lyon  Mountain 
granite  contains  a great  profusion  of  pegmatite  and  silexite  1 masses 
and  no  aplite  dikes,  while  the  Hawkeye  granite  contains  many 
aplite  dikes  and  relatively  few  pegmatite  and  silexite  masses.  The 
relations  of  the  pegmatite  and  silexite  masses  to  the  inclosing  granite 
make  it  clear  that  they  both  began  to  develop,  probably  as  segrega- 
tion masses,  while  the  granite  magma  still  possessed  a considerable 
degree  of  fluidity,  and  that  they  continued  to  form,  probably  both 
as  segregation  products  and  as  dikes,  until  the  inclosing  granite 
almost  or  possibly  completely  solidified.  The  silexite  masses  repre- 
sent very  siliceous  facies  of  the  pegmatitic  development,  gradations 
from  nearly  pure  silica  to  ordinary  pegmatite  being  not  uncommon. 

1The  term  “silexite”  has  recently  been  proposed  by  the  writer  (Science,  49:  149) 
for  any  body  of  pure  or  nearly  pure  silica  of  igneous  or  aqueo-igneous  origin  which 
occurs  as  a dike,  segregation  mass,  or  inclusion  within  or  without  its  parent  body. 
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Most  of  the  pegmatite,  silexite  and  aplite  by  far  occur  within  the 
parent  granites,  though  some  also  occur  in  the  remnants  of  the  old 
rocks  which  were  intruded  by  the  granites. 

In  many  places  the  older  rocks,  including  the  Grenville  series, 
gabbro  and  hornblende  gneisses  (or  amphibolites),  have  been  more 
or  less  injected  or  assimilated  by  the  Lyon  Mountain  granite  and 
its  pegmatitic  facies,  giving  rise  to  a great  variety  of  mixed  rocks. 
Injection  and  assimilation  of  the  old  gabbro  and  hornblende  gneisses 
are  of  particular  interest  because,  as  a result  of  these  processes, 
the  hornblende  and  hypersthene  have  usually  been  largely  or  wholly 
transformed  into  green  monoclinic  (apparently  mostly  diallage  or 
diopsideaugite)  relatively  free  from  iron  with  accompanying  separa- 
tion or  magnetite.  Also  in  many  places  the  Lyon  Mountain  granite 
(or  its  pegmatite)  is  locally  notably  more  basic  than  normal  and 
it  then  contains  considerable  green  monoclinic  pyroxene  and  magne- 
tite, this  change  in  composition  having  resulted  from  more  or  less 
perfect  assimilation  of  portions  of  gabbro  or  hornblende  gneiss  by 
the  granite  magma. 

The  magnetitic  iron  ore  deposits  of  the  quadrangle  are  of  particular 
interest,  especially  those  in  and  near  Lyon  Mountain  village  where 
mining  operations  are  now  being  carried  on  by  the  Chateaugay  Ore 
and  Iron  Company.  Many  years  ago  iron  ore  was  taken  from  about 
a dozen  other  localities,  mostly  in  the  Saranac  valley.  Because  of 
the  development  of  magnetite  as  a result  of  the  transformation  of 
hornblende  and  hypersthene  into  monoclinic  pyroxene,  the  injection 
or  assimilation  rocks  are  commonly  distinctly  richer  in  magnetite 
than  either  the  normal  Lyon  Mountain  granite  or  normal  gabbro 
or  hornblende  gneiss.  But  much  of  the  derived  magnetite  was 
carried  away  in  magmatic  solution  and  deposited  elsewhere,  in  many 
cases  to  form  the  ore  zones.  These  iron  ores  are  not,  therefore, 
magmatic  differentiation  deposits  in  the  true  sense  of  the  word. 

With  the  possible  exception  of  some  gabbros  later  than  the 
granites,  the  only  other  rocks  (not  including  the  Pleistocene)  of  the 
Lyon  Mountain  quadrangle  are  small  dikes,  mostly  diabase,  which 
have  been  found  in  more  than  120  localities.  These  dikes  always 
have  sharp  contacts,  and  they  are  the  latest  of  the  Precambrian 
rocks  of  the  region. 

Late  Cambrian,  and  possibly  also  Ordovician,  strata  formerly 
must  have  extended  well  into  the  quadrangle  because  the  Potsdam 
sandstone  now  lies  close  to  its  borders  on  the  east  and  northeast, 
and  the  Ordovician  is  not  many  miles  away  to  the  east. 
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Comparatively  little  positive  evidence  for  faulting  was  observed. 

Glacial  striae  show  that  the  general  direction  of  ice  movement 
during  the  Ice  age  was  southwestward  across  the  quadrangle.  During 
the  withdrawal  of  the  ice  the  area  was  widely  strewn  with  ground 
morainic  materials  containing  many  boulders.  Much  fluvioglacial 
material  was  also  deposited,  especially  on  the  lower  lands.  A very 
conspicuous  kame-moraine  12  miles  long,  extending  from  southwest 
of  Goldsmith  to  near  Hammond  school,  was  formed  along  the  margin 
of  an  ice-lobe  which  paused  temporarily  during  its  retreat  from  the 
Saranac  valley.  Smaller  kames,  and  at  least  one  esker,  were  also 
observed.  Glacial  lake  waters  formed  at  various  levels  during  the 
retreat  of  the  ice,  especially  in  the  Saranac  valley,  as  shown  by  well- 
preserved  delta  sand  plains.  The  gorge  and  waterfalls  south  of 
Moffitsville  are  of  postglacial  origin,  the  old  channel  of  the  river 
having  been  a little  farther  west. 


INDUSTRIAL  GEOLOGY 
BY  DAVID  H.  NEWLAND 

Report  on  mineral  resources.  The  need  for  a revision  of  previous 
information  about  the  mining  and  quarry  resources  of  the  State 
has  been  emphasized  during  the  last  year  or  two  by  the  many  changes 
and  developments  that  have  taken  place  in  the  several  related 
industries.  It  has  been  a time  of  unprecedented  activity  and  the 
possible  scope  of  productive  operations  has  been  enlarged  through 
the  growth  of  market  demands  for  some  of  the  staple  commodities 
and  the  coming  into  use  of  certain  materials  that  hitherto  were 
regarded  as  of  little  account.  Though  the  gains  thus  recorded  may 
not  prove  permanent  additions  to  the  industrial  field,  the  effects 
of  the  increased  activity  and  developments  will  provide  a stimulus 
which  can  hardly  be  otherwise  than  beneficial. 

The  new  report  is  designed  to  serve  as  a general  guide  to  the 
subject,  indicating  what  kinds  of  ores  and  minerals  occur  in  sufficient 
quantities  to  be  of  commercial  interest  and  giving  particulars  of 
their  distribution  and  such  features  of  their  geology  as  have  a 
practical  bearing  upon  their  utilization.  The  treatment  is  compre- 
hensive, but  not  exhaustive.  In  accordance  with  plans  already  in 
force,  separate  monographic  reports  will  continue  to  be  provided 
for  the  more  important  branches  of  the  mining  and  quarry  industry, 
such  as  have  been  issued  in  recent  years  upon  iron  ores,  pyrite,  zinc, 
building  stones  and  other  subjects  of  current  interest. 
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It  is  not  out  of  place  perhaps  to  call  attention  here  to  the  revival 
of  gold-mining  ventures,  which  it  was  thought  had  run  their  course 
and  ceased  to  be  of  general  interest  after  the  record  of  universal 
failure  that  attended  such  enterprises  in  former  years.  Many 
wrecks  of  mine  and  milling  plants  for  the  extraction  of  gold,  on  which 
hundreds  of  thousands  of  dollars  were  expended,  are  scattered  over 
the  Adirondacks.  So  far  as  can  be  learned  from  diligent  inquiry, 
supplemented  by  the  results  of  actual  tests  upon  the  materials 
exploited,  there  has  never  been  any  recovery  of  gold  whatsoever 
by  these  plants.  Yet  the  claims  have  been  published  that  the 
Adirondack  sands  will  yield  $4  or  $5  and  even  up  to  $50  in  gold  when 
treated  by  some  special  process.  The  process,  in  fact,  which  is 
usually  surrounded  by  more  or  less  secrecy  and  mystery,  seems  to 
be  the  main  element  of  consideration  in  the  capitalization  of  such 
enterprises;  the  deposits  upon  which  the  process  is  employed  are 
simply  the  ordinary  glacial  sands  that  cover  most  of  the  Adirondack 
valleys  and  that  represent  the  detritus  of  the  crystalline  rocks  of 
that  region  — granite,  gneiss,  gabbro,  anorthosite  etc.  Careful 
assays,  using  large  samples  of  the  sands  for  the  purpose,  fail  to 
disclose  anything  more  than  the  merest  trace  of  gold  or  silver.  The 
only  new  feature  that  has  been  introduced  in  the  later  promotions 
is  the  intimation  that  platinum  accompanies  the  other  precious 
metals.  However  opportune  the  suggestion  may  be  in  view  of  the 
enormous  accretion  in  value  of  platinum  in  the  last  two  or  three 
years,  it  hardly  changes  the  situation  with  regard  to  the  value  of 
the  deposits.  The  attempts  to  awaken  public  interest  in  these 
ill-founded  ventures  are  deprecated  as  working  an  injury  upon 
legitimate  enterprise,  and  it  will  be  the  aim  of  this  office,  as  in  the 
past,  to  discourage  their  inception  as  a matter  of  policy. 

Silica  for  glass  and  refractories.  The  inquiries  received  by  the 
office  in  regard  to  the  possibility  of  securing  supplies  of  high-grade 
silica  rock  from  local  deposits  suggested  an  investigation  of  these 
resources.  The  demand  for  silica  materials  has  been  largely  aug- 
mented through  its  employment  in  the  manufacture  of  such  products 
as  ferro-silicon,  optical  glass  and  refractory  linings  for  metallurgical 
furnaces.  The  investigation  was  undertaken  by  R.  J.  Colony  of 
Columbia  University,  who  devoted  a part  of  the  summer  to  the 
necessary  field  work  and  supplemented  this  with  laboratory  studies 
in  New  York.  The  materials  investigated  for  the  purpose  were  the 
Poughquag  quartzite  of  Dutchess  and  Westchester  counties,  the 
Shawangunk  conglomerate  that  forms  the  crest  of  that  mountain 
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in  Ulster,  Orange  and  Sullivan  counties,  the  Oriskany  sandstone  at 
Oriskany  Falls,  the  Potsdam  sandstone  on  the  northern,  eastern  and 
southern  borders  of  the  Adirondacks  and  the  quartz  sands  of  the 
Oneida  lake  region.  It  was  found  that  the  Oriskany  and  Potsdam 
sandstones  afford  the  most  suitable  material  for  making  the  better 
grades  of  glass;  the  Potsdam  of  the  northern  Adirondack  area 
representing  the  best  to  be  found  in  that  formation  and  of 
about  the  same  grade  as  the  Oriskany  sandstone.  Both  sandstones 
show  phases  which  possess  a loose  granular  habit  so  as  to  crush 
down  to  sand  which  then  can  be  washed.  A washed  sample  of  the 
Oriskany  showed  on  analysis  99.82  per  cent  silica  and  .06  ferric 
oxide.  A sample  of  Potsdam  from  the  Moira-Bangor  area  of  Franklin 
county  returned  99.54  per  cent  silica  and  .01  ferric  oxide.  All  the 
silica  rocks  investigated  were  adapted  to  ferro-silicon  manufacture, 
containing  materials  well  within  the  silica  requirements  for  that  use. 

For  refractory  linings  and  for  use  in  tube  mills  the  Poughquag 
quartzite  and  the  Shawangunk  grit  appear  most  adaptable,  as  they 
possess  the  required  qualities  of  physical  structure  in  addition  to 
chemical  composition.  It  is  believed  the  report  will  meet  the  needs 
which  have  been  expressed  frequently  by  consumers  of  these 
materials. 

Salt  investigation.  A study  of  the  salt  deposits  and  industry 
is  in  progress  and  will  be  completed  probably  during  the  coming 
year.  The  work  was  inaugurated  for  the  purpose  of  securing  definite 
information  about  the  potash  content  of  the  rock  salt  and  to  inquire 
in  the  possibilities  of  utilizing  the  waste  liquors  of  the  evaporating 
plants  for  extraction  of  the  potash.  The  chemical  examination  of 
many  samples  from  different  localities  in  the  salt  district  has  shown 
that  there  is  only  a very  small  proportion  of  the  substance  in  the 
salt  and  its  extraction  would  not  be  likely  to  prove  commercially 
feasible.  However,  it  has  been  deemed  advisable  to  make  a com- 
prehensive report  on  salt  resources  of  the  State,  since  there  has 
been  little  published  in  regard  to  them  since  the  appearance  of  the 
bulletin  “Salt  and  Gypsum  Industries  in  New  York”  in  1893. 
Mr  Harold  L.  Ailing  is  cooperating  with  the  office  in  the  preparation 
of  the  report.  Mr  Ailing  has  also  given  some  further  attention  to 
the  examination  of  graphite  properties  and  products  in  continuation 
of  work  upon  which  a report  was  rendered  the  year  before. 

Mineral  production.  A statistical  canvass  of  the  mineral  industries 
for  the  year  1917  was  conducted  by  the  office  in  cooperation  with 
the  United  States  Geological  Survey  in  continuation  of  the  work 
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that  has  been  carried  on  for  a number  of  years  and  summarized 
in  a series  of  annual  bulletins.  Owing  to  the  press  of  other  duties, 
as  well  as  the  difficulties  in  securing  prompt  publication,  the  summary 
was  not  available  as  early  as  heretofore.  The  principal  features 
of  the  year’s  record  only  will  be  referred  to  here.  It  was  a period 
of  extraordinary  conditions,  marked  by  unprecedented  activity  in 
certain  departments  of  industry  and  by  violent  reactions  and  curtail- 
ment of  output  in  others.  The  aggregate  value  of  the  mineral 
production  upon  the  basis  of  the  crude  or  first  marketable  forms 
of  the  materials,  amounted  to  $51,943,796,  a gain  of  $5,995,849  over 
the  total  for  the  preceding  year,  and  the  largest  value  returned  up 
to  the  present  time.  Not  all  the  increase  may  be  attributed  to 
actual  increments  in  the  quantities  of  the  materials  produced; 
since  prices  for  the  more  essential  commodities  also  advanced.  The 
production  of  iron  ore  was  1,356,011  long  tons,  valued  at  $7,381,333; 
that  of  zinc  ore  47,961  tons,  valued  at  $1,059,186;  and  that  of 
pyrite  57,075  tons  valued  at  $354,000.  These  represented  the  more 
important  metallic  minerals.  Among  the  nonmetallic  products  were : 
salt,  15,457,636  barrels  ($5,371,713);  Portland  cement,  5,408,726 
barrels  ($7,050,656);  gypsum,  606,268  tons  ($2,036,820);  petroleum, 
879,685  barrels  ($2,850,378);  natural  gas,  8,371,747,000  cubic  feet 
($2,499,303);  talc,  74,671  ($881,462);  building  brick,  660,183,000 
($5,118,966);  pottery,  valued  at  $4,076,817;  other  clay  products, 
valued  at  $2,232,616;  quarry  products,  valued  at  $6,283,556; 
molding  sand,  valued  at  $808,550;  other  kinds  of  sand,  valued  at 
$2,237,897;  and  many  minor  products  including  apatite,  natural 
cement,  crude  clays,  diatomaceous  earth,  emery,  feldspar,  garnet, 
marl,  millstones,  metallic  paints,  mineral  waters,  quartz,  sand-lime 
brick,  slate,  representing  altogether  a value  of  $1,430,293. 

PALEONTOLOGY 

In  the  expansion  of  the  monographic  treatment  of  the  early 
geological  formations  and  their  fossil  contents,  work  has  been  com- 
pleted on  the  faunas  of  the  Utica,  Frankfort  and  Lorraine  formations. 

The  life  zones  that  have  been  distinguished  (three  in  the  Utica 
and  eight  in  the  Lorraine)  were  mentioned  in  the  last  report.  The 
closer  study  of  the  faunas  has  shown  that  our  development  of  the 
Cincinnatian  division  contains  about  250  species,  one-third  of  which 
are  forms  known  before  from  New  York,  another  third  known  before 
from  Ohio,  Canada  etc.  and  the  remainder  are  new  to  science. 
Comparison  of  the  different  life  zones  with  those  of  the  adjoining 
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territories  has  shown  that  the  Utica  zones  have,  especially  in  their 
graptolite  contents,  a distinctly  Atlantic  aspect  and  that  the  faunas 
probably  reached  this  State  from  the  southeast;  the  fauna  of  the 
black  shale  of  the  Black  River  valley,  however,  came  from  the 
St  Lawrence  region  and  represents  a different  invasion.  The 
Frankfort  faunule  is  only  a depauperate  Utica  fauna,  but  of  younger 
(Economy  and  probably  also  early  Southgate)  age.  The  lower 
Lorraine  shale  is  equivalent  to  the  Eden  of  Ohio  and  here  termed 
the  Whetstone  Gulf  formation  on  account  of  distinct  local  develop- 
ment of  certain  species.  This  shale  was  evidently  deposited  in  the 
Eden  sea  which,  invading  from  the  southwest,  reached  the  Adirondack 
massive.  The  upper  Lorraine  or  Pulaski  fauna,  on  the  other  hand, 
shows  a close  relationship  to  the  contemporary  faunas  of  the  Quebec 
region  and  points  to  an  open  marine  connection  to  the  northeast 
in  later  Lorraine  time,  together  with  a wide  expanse  of  sea  toward 
the  west.  Charts  of  the  different  stages  have  been  prepared;  they 
will  show  the -extent  of  the  successive  invasions  and  the  differences 
in  contemporaneous  sedimentation. 

The  Monograph  of  the  Devonian  Crinoids  of  New  York  is  com- 
pleted. It  includes  60  genera,  144  species  and  8 varieties,  of  which 
17  genera,  54  species  and  6 varieties  are  new.  A number  of  new 
combinations  of  species  have  likewise  been  made.  Six  of  the  species 
included  have  been  found  only  outside  the  State,  some  of  them 
introduced  for  comparison ; eighteen  species  and  one  variety  occurring 
in  New  York  State  have  also  been  found  in  the  Devonian  elsewhere. 

The  species  described  include  many  interesting  forms,  particularly 
from  the  Upper  Devonian.  Ontogenetic  studies  have  been  made 
wherever  possible,  though  material  has  not  been  sufficiently  abundant 
to  allow  this  to  be  carried  to  any  great  extent.  Such  observations, 
and  observations  on  variation  within  the  species,  have  been  noted 
under  the  heading  “ Ontogeny ” or  “ Ornamentation ” in  the  description 
of  the  species.  A very  complete  ontogenetic  series  of  Melo- 
crinus  paucidactylus  is  described  and  figured.  The 
most  striking  difference  shown  here  between  young  and  adult  forms 
is  in  the  character  of  the  arms  which  are  simple  and  two  to  a 
ray  in  the  youngest  forms;  compound  with  armlets  in  the  older 
forms. 

In  the  study  of  the  young  it  has  been  found  that,  outside  of  changes 
in  ornamentation,  there  are  two  particular  regards  in  which  immature 
and  mature  forms  differ : the  extent  of  incorporation  of  the  brachials 
and  the  character  of  the  arms.  These  observations  have  been 
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made  on  a number  of  species,  such  as  Megistocrinus 
depressus,  Megistocrinus  Ontario,  Aorocrinus 
cauliculus,  etc.,  in  which  young  forms  have  been  found. 
Variation  within  the  species  is  common  and  is  particularly  well 
shown  in  Megistocrinus  depressus. 

A very  interesting  and  fairly  complete  series  of  Dolato- 
crinus  liratus  shows  particularly  well  the  changes  in  orna- 
mentation of  the  dorsal  cup  which  accompany  the  growth  of  the 
individual.  The  young  specimens  show  a deeply  excavated  basal 
region  and  fewer,  coarser  ridges  or  carinae.  With  growth  the  basal 
pit  gradually  becomes  filled  up  and  the  carinae  become  more 
numerous  and  finer.  The  ornamentation  finally  becomes  very 
complex,  as  seen  in  the  “Multilira”  type,  and  in  older  forms  the 
carinae  break  up  forming  scattered  tubercles.  Study  of  other 
species,  such  as  Rhodocrinus  nodulosus,  Dolato- 
crinus  glyptus,  Gennaeocrinus  eucharis,  Gen- 
naeocrinus  nyssa,  Gennaeocrinus  carinatus, 
Decadocrinus  multinodosus,  seems  to  indicate  a 
general  tendency  for  the  ornamentation  to  reach  its  greatest  develop- 
ment in  mature  individuals  and  to  break  up  or  become  less  pro- 
nounced in  old  ones. 

REPORT  OF  THE  MINERALOGIST 

Chemical  and  mineralogical  investigations.  The  chemical  labo- 
ratory was  cleaned,  refitted,  new  apparatus  bought  and  over  $500 
worth  of  platinum  ware  loaned  to  us.  Most  of  the  year  has  been 
spent  on  chemical  analyses  and  investigation.  A summary  of  this 
work  follows : 

Number  of 
quantitative 
determinations 


1 Graphite  analyses  for  Mr  Ailing’s  graphite  report 63 

2 Analyses  for  new  salt  bulletin : 

1 Boiler  scale  analysis 6 

2 Grainer  scale  analyses 6 

4 Rock  salt  analyses 18 

2 Evaporated  salt  analyses 1 1 

7 Bittern  analyses 49 

1 Brine  analysis 7 

1 Table  salt  analysis 7 

Brine  research  analysis 21 
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3 In  the  writing  of  a report  on  the  discoloration  of  the  pillars 

of  the  Education  Building,  73  quantitative  determina- 
tions were  made,  54of  which  were  published  in  the  report. 

The  interesting  fact  was  discovered  that  the  yellow 
stain  is  due  to  sulphuric  acid  in  the  air  causing  the  forma- 
tion of  gypsum  stained  with  iron  oxide  on  the  marble. 
Analyses,  pillar  scale,  marble  and  granite 73 

4 In  writing  with  Prof.  A.  J.  Moses  an  article  on  two 

definite  varieties  of  the  rare  mineral  tungstite  and 
investigating  the  condition  of  the  water  therein,  the 
following  quantitative  determinations  were  made : 

Water 225 

WO3 12 

Specific  gravity 6 

5 The  following  miscellaneous  analyses  were  made  at  the 

request  of  the  State  Geologist  or  the  Assistant  State 
Geologist: 

1 Fullers  earth 6 

1 Arsenopyrite 12 

1 Magnetite 6 

1 Pyrrotite 1 

1 Pyrite 6 

5 Shales 27 

2 Graphites 14 

1 Assay  platinum 1 

1 Assay  gold 1 

1 Water 5 

1 Peat 1 

6 On  the  various  minerals  and  specimens  brought  in  or 

mailed  in  by  members  of  the  staff  or  people  of  the 
State,  the  following  work  was  done: 

Quantitative  determinations 7 

Qualitative  determinations 52 

Minerals  determined  by  sight 93 

T otal  quantitative  determinations 581 

T otal  qualitative  determinations 52 

Total  sight  determinations 93 

Total 726 
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VI 

REPORT  OF  THE  STATE  BOTANIST 

Scientific  investigations.  The  investigations  of  the  State  Botanist 
during  1918  have  been  largely  directed  toward  the  completion  of 
a catalog  of  the  flora  of  the  State. 

Among  the  early  catalogs  of  the  State  flora,  perhaps  the  first  is 
that  by  Jacob  Green,  published  at  Albany  in  the  Transactions  of 
the  Society  for  the  Promotion  of  Useful  Arts,  volume  5,  1814.  It 
was  followed  in  1837  by  Torrey’s  Catalogue  of  the  Plants  of  the 
State,  revised  in  1840.  Torrey’s  work  culminated  in  the  publication 
in  1843  of  the  well-known  Flora  of  New  York  (Natural  History  of 
New  York)  in  two  volumes,  and  it  was  supplemented  by  a revised 
catalog  in  1849  and  1866.  Since  then  our  knowledge  of  the  flora 
of  the  State  has  developed  greatly  and  rapidly,  but  the  results  of 
this  advance  are,  for  the  most  part,  scattered  through  the  pages 
of  many  different  publications.  The  annual  reports  of  the  State 
Botanist  from  1869  to  date  have  been  the  repository  of  much  of -the 
information  regarding  new  additions  and  new  knowledge  of  the 
vegetation  of  the  State.  Numerous  botanical  periodicals  which 
have  come  into  existence  during  the  past  thirty-five  or  forty  years 
also  contain  a large  amount  of  scattered  information  relative  to  our 
flora. 

Space  does  not  permit  the  enumeration  of  the  many  local  floras. 
A complete  bibliography  of  the  botany  of  the  State  published  in 
Museum  Bulletin  188  covers  this  phase. 

These  sources  of  information,  together  with  the  several  large 
herbaria  which  contain  extensive  collections  of  the  plants  of  the 
State,  serve  as  the  foundation  of  this  catalog  which  will  appear  as 
a separate  publication. 

Identifications.  The  number  of  specimens  identified  by  this  office 
during  the  year  is  380,  and  the  number  of  persons  for  whom  these 
identifications  were  made  is  102.  This  includes  identification  of 
poisonous  and  edible  mushrooms,  diseased  plant  material,  woods, 
seeds,  ferns  and  flowering  plants. 

Additions  to  the  herbarium.  The  number  of  specimens  of  New 
York  State  species  which  have  been  added  to  the  herbarium  from 
current  collections  during  the  year  is  360;  from  the  contributions 
462,  a total  of  822  specimens.  Of  these  a large  number  are  new 
to  the  herbarium. 

Collections  were  made  by  the  State  Botanist  in  the  following 
counties:  Albany,  Genesee,  Herkimer,  Madison,  Monroe,  Oneida, 
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Onondaga,  Ontario,  Oswego  and  Rensselaer.  These  collections  were 
made  largely  in  connection  with  a continuation  of  a study  of  the 
bog  vegetation  of  southern  Herkimer  and  Madison  counties  and  also 
Bergen  swamp  in  Genesee  county. 

The  mycological  herbarium.  During  the  past  five  years  con- 
siderable time  has  been  devoted  to  the  rearrangement  of  the  extensive 
collection  of  fungi  accumulated  almost  exclusively  through  the 
efforts  of  the  late  Dr  Charles  Horton  Peck. 

An  enumeration  of  the  number  of  specimens  representing  each 
group  of  fungi  is  interesting  and  of  some  value  as  a record  of  his 
work,  and  also  constitutes  a record  of  the  present  number  of  specimens 


of  fungi  in  the  state  herbarium. 


AGARIC  A CEAE 

Agaricus 250 

Amanita 300 

Armillaria 65 

Bolbitius 12 

Cantharellus 252 

Amanitopsis 130 

Annularia 2 

Clitocybe 650 

Colly  bia 262 

Coprinus 530 

Cortinarius 575 

Claudopus 51 

Crepidotus 170 

Deconica 40 

Entoloma 220 

Flammula 215 

Eccilia 35 

Galera 180 

Gomphidius 60 

Hebeloma 98 

Hygrophorus 477 

Hypholoma 205 

Inocybe 75 

Laccaria 73 

Lactarius 651 

Lentinus 125 

Lepiota 352 

Mycena 281 


Leptonia 85 

Naucoria 195 

Nyctalis 3 

Omphalia 230 

Panaeolus 125 

Panus 1 15 

Paxillus 80 

Marasmius 515 

Nolanea 55 

Pholiota 380 

Montagnites 2 

Pilosace 4 

Pleurotus 228 

P icatura 3 

Trogia 21 

Pluteus no 

Psathyra 28 

Psathyrella 47 

Psilocybe 142 

Pluteolus 35 

Russula 875 

Stropharia 64 

Schizophyllum 15 

Tricholoma 535 


Total 10  328 
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POLYPORACEAE . . . 2 37$ 

BOLETACEAE I 020 

HYDNACEAE I 025 

THELEPHORACEAE 375 

CLAVARIACEAE  . 760 

GASTEROMYCETEAE 345 

MYXOMYCETEAE 960 

PHYCOMYCETEAE 75 

PEZIZEAE I 225 

HELVEL  ACEAE 3 1 5 

UREDINALES 3 4IO 

PYRENOMYCETEAE I 725 

MELANCONEAE 75 

HYPOMYCETEAE 355 

Host  herbarium  (specimens  of  various  families  arranged  according  to 

host) 8 350 

Undistributed  material  (estimated) 900 


Total  number  of  specimens  of  fungi 33  618 

Specimens  contributed  to  the  state  herbarium.  During  the  past 
year  the  following  contributions  of  specimens  have  been  received 
and  added  to  the  state  herbarium: 

George  S.  Graves,  Newport 310 

M.  S.  Baxter,  Rochester 45 

H.  C.  Beardslee,  Asheville,  N.  C 35 

L.  S.  Slater,  Cairo 25 

•Dr  A.  H.  W.  Povah,  Syracuse 14 

Dr  J.  J.  Davis,  Madison,  Wis 12 

Mrs  E.  P.  Gardner,  Canandaigua 8 

Herbarium  Prince  Bonaparte,  Paris 6 

S.  H.  Burnham,  Hudson  Falls 2 

Miss  Florence  Beckwith,  Rochester 1 

Dr  H.  M.  Fitzpatrick,  Ithaca 1 

W.  C.  McCalla,  Edmonton,  Canada 1 

Dr  L.  H.  Pennington,  Syracuse 1 

Dr  W.  G.  Farlow,  Cambridge,  Mass 1 

Total 462 
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PLANTS  ADDED  TO  THE  HERBARIUM 

New  to  the  herbarium 

Ascochyta  silenes  E.  & E. 

Calopactis  singularis  Sydow 
Cercospora  p ntstemonis  E.  & K. 

Cercospora  strep  topi  D.  & B. 

Corticium  cortuga  Burt 
Corticium  lividum 
Cortinarius  iodioides  Kauff. 

Ephemerum  cohaerens  ( Hedw .)  Hampe 
Gymnosporangium  betheli  Kern 
Gymnosporangium  nelsoni  Arth 
Hydnum  subsquammosum  Batsch 
Hydnum  putidum  Atk. 

Inocybe  corydalina  Quel. 

Marssonina  toxicodendri  ( E . & M.)  Magn. 

Melampsora  arct’ca  Rostr. 

Naucoria  christinae  Fr. 

Peridermium  fischeri  Kleb. 

Poria  tsugina  Murrill 
Puccinia  commutata  Sydow 
Puccinia  cinerea  Arth. 

Puccinia  ellisii  DeToni 
Puccinia  holboellii  Rostr. 

Puccinia  tubercularis  E.  & E. 

Puccinia  universalis  Arth. 

Psilocybe  ammophilus  D.  & M. 

Radulum  casearium  ( Morg .)  Lloyd 

Fomes  putearius  Weir 

Berlesiella  nigerrima  ( Bloxham ) Sacc. 

Russula  aurantialutea  Beardslee 
Russula  cinerascens  Beardslee 
Russula  magna  Beardslee 
Russula  tenuiceps  Kauff. 

Russula  melioleus  Gmel. 

Russula  pungens  Beardslee 
Uredinopsis  pteridis  D.  & H. 

Uromyces  hedysari-obscuri  (DC.)  Wint. 

Uromyces  heterodermus  Sydow 
Uromyces  rosicola  E.  & E. 

Uromyces  spartiniae  Farlow 
Boehmeria  drummondiana  Weddell 
Lycopus  asper  Greene 
Panicum  flexile  ( Gattinger ) Scribn. 


2 


Reprint  of  the  Report  of  the  State  Botanist  for  1886;  from  the 
Fortieth  Annual  Report  of  the  State  Museum  1887 

Through  an  oversight  on  the  part  of  the  state  printers  (Weed 
and  Parsons)  no  edition  of  the  fortieth  annual  report  of  the  Museum 
was  printed  except  those  necessary  for  the  legislative  documents. 
This  report  has  consequently  never  been  distributed  and  as  it 
contained  many  original  descriptions  of  plants  by  the  State  Botanist, 
Dr  Charles  H.  Peck,  it  is  an  important  work  of  reference,  especially 
for  students  of  mycology.  To  supply  a constant  demand  which  it 
has  hitherto  been  impossible  to  meet  the  Botanist’s  report  is  here 
reprinted  without  change  and  page  for  page. 
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REPORT 

To  the  Honorable  the  Board  of  Regents  of  The  University  of  the  State 
of  New  York: 

Gentlemen  : — I have  the  honor  to  communicate  to  you  the 
following  report : 

In  prosecuting  the  work  of  completing  and  arranging  the  State 
herbarium  the  past  year,  specimens  of  plants  of  the  State  have 
been  collected  in  the  counties  of  Albany,  Genesee,  Essex,  Hamilton, 
Livingston,  Montgomery,  Rensselaer,  Saratoga,  Schoharie,  Wash- 
ington, Wayne  and  Wyoming. 

Specimens  of  184  species  have  been  added  to  the  herbarium,  of 
which  twelve  were  contributed  by  correspondents,  and  172  were 
collected  by  the  Botanist.  Of  these  106  are  new  to  the  herbarium, 
and  with  two  exceptions  are  new  to  our  flora.  Forty-seven  of  them 
are  regarded  as  previously  unpublished  species.  Among  the  added 
species  are  seven  flowering  plants,  one  moss  and  one  lichen.  The 
remainder  are  fungi.  A list  of  the  additions  accompanies  this 
report  and  is  marked  “A.” 

The  number  of  contributors  is  twenty-three.  Among  their  con- 
tributions are  specimens  of  many  extra  limital  species,  not  included 
in  the  preceding  enumeration.  These  are  kept  distinct  from  the 
herbarium  proper,  which  represents  the  State  flora.  A list  of  the 
contributors  and  of  their  respective  contributions  is  marked  “B.” 

A paper  containing  notices  of  species  not  before  reported,  together 
with  a record  of  their  respective  localities  and  descriptions  of  new 
species,  is  marked  “C.” 

Notes  and  observations  concerning  those  not  new  to  our  flora 
will  be  found  in  a paper  marked  “D.” 

Wishing  to  obtain  good  flowering  specimens  of  certain  plants 
which  grow  upon  the  summit  of  Mt  Marcy,  that  locality  was 
visited  early  in  June.  Although  the  snow  had  not  yet  entirely 
disappeared  from  that  high  elevation,  several  of  the  desired  plants 
were  in  full  bloom.  Fine  specimens  were  obtained  of  the  alpine 
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rosebay,  Rhododendron  Lapponicum,  the  Lapland  diapensia,  Diap- 
ensia  Lapponica,  the  hairy  fly  honeysuckle,  Lonicera  coerulea.  and 
the  dwarf  birch,  Betula  glandulosa.  The  hairy  fly  honeysuckle 
and  the  small  cranberry  had  not  before  been  observed  by  me  on 
the  open  summit  of  the  mountain  and  should  be  added  to  the  list 
of  plants  already  published  as  belonging  to  that  elevated  station. 
July  is  given  in  the  Manual  and  also  in  the  State  Flora  as  the  time 
of  flowering  of  the  alpine  or  Lapland  rosebay,  but  here  it  was 
flowering  finely  on  the  tenth  day  of  June.  Several  new  and 
interesting  species  of  fungi  rewarded  my  search  in  that  bleak 
locality.  Near  the  base  of  the  mountain,  the  few  fruited  June 
berry,  Amelanchier  Canadensis,  var.  oligocarpa,  enlivened  the  dark 
evergreen  forest  with  its  few  pure  white  flowers.  These  are  much 
scattered  on  the  branches,  there  being  only  one,  two  or  three  in  a 
place.  The  petals  are  broadly  oval  or  almost  orbicular,  and  the 
branches  are  wide-spreading,  straggling  and  irregular.  These 
features  are  so  unlike  the  corresponding  ones  in  other  varieties  of 
the  species,  that  for  the  instant  they  almost  compel  us  to  believe 
that  the  plant  is  a distinct  species  rather  than  a mere  variety.  Yet, 
in  less  elevated  and  more  open  places  connecting  forms  appear. 
Along  Marcy  brook,  the  rare  mountain  bush  cranberry  or  few 
flowered  viburnum,  Viburnum  pauciflorum,  was  observed,  but  it 
was  not  yet  in  flower.  At  Ausable  ponds  the  large  leaved  avens, 
Geum  macrophyllum,  was  discovered.  This  is  a notable  addition 
to  our  flora.  It  is  an  inhabitant  of  the  White  mountain  region  of 
New  Hampshire  and  of  the  Lake  Superior  region,  whence  it 
extends  westward  to  the  Sierra  Nevada  mountains,  and  northward 
to  Sitka.  This  New  York  station  is  intermediate  between  the 
eastern  one  and  the  nearest  western  one.  An  interesting  form  of 
the  northern  Clintonia  was  also  discovered  at  this  time.  In  it,  one 
or  two  lateral  umbels  project  from  the  scape  at  short  distances 
below  the  terminal  umbel  of  flowers.  I find  no  mention  of  this 
form  in  our  botanies.  It  is  apparently  due  to  a very  thrifty  and 
vigorous  condition  of  the  plant.  The  number  of  flowers  in  an 
umbel  often  much  exceeds  the  number  ascribed  in  the  descriptions 
of  the  botanies. 

From  time  to  time  reports  have  reached  me  that  a red-flowered 
form  of  the  white  water-lily,  Nympkaea  odorata , existed  in  some 
of  the  waters  of  the  Adirondack  region.  As  I had  never  been 
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able  to  find  such  a plant  myself,  these  reports  were  somewhat  tan- 
talizing. Knowing  that  such  a lily  had  been  found  in  Massachu- 
setts, and  learning  of  a definite  locality  where  it  was  reported  to 
have  been  seen  in  the  Adirondacks,  I determined  to  test  the 
accuracy  of  this  report,  and  to  add,  if  possible,  a specimen  of  such 
a rarity  to  the  herbarium.  Mud  pond,  in  which  it  was  said  to 
grow,  is  a small,  boggy  water-hole,  between  Long  lake  and  Tupper’s 
lake.  Upon  visiting  it  I found  an  abundance  of  the  white  water- 
lily.  There  were  a few  flowers  scattered  about,  in  which  the 
external  petals  were  considerably  tinged  with  red.  When  these 
flowers  were  but  partly  open,  and  viewed  at  a short  distance,  they 
had  a decided  pink-red  appearance,  and  might  easily  be  mistaken 
for  the  variety  in  question.  But  a closer  examination  invariably 
revealed  white  interior  petals,  though  in  some  instances  these  were 
slightly  stained  with  red  or  pink  on  the  exterior  surface  near  the 
base.  Thus  far  the  occurrence  of  the  real  red  water-lily  in  the 
Adirondack  region  has  not  been  verified  by  me;  but  this  ha1  f- way 
approach  to  it  indicates  the  possibility  of  its  existence  there,  and 
raises  the  hope  that  it  may  yet  be  added  to  our  flora.  In  this  bog 
hole  the  bayonet  rush,  J uncus  militaris,  was  found  growing  plenti- 
fully. It  is  an  interesting  addition  to  the  indigenous  plants  of  the 
State.  On  this  trip,  groves  of  larches  or  tamaracks,  Larix  Ameri- 
cana, in  three  widely  separated  localities,  were  noticed,  in  which 
many  of  the  trees  were  almost  defoliated  by  the  ravages  of  some 
insect.  Among  them  were  many  trees  already  dead,  evidently 
having  yielded  to  the  thorough  manner  in  which  they  had  been 
deprived  of  their  foliage.  It  appears  that  the  loss  of  a large  per- 
centage of  the  larch  trees  of  these  noble  forests  must  yet  be  added 
to  the  loss  of  many  of  the  spruces  through  the  agency  of  pestilent 
insects. 

Wishing  to  observe  what  influence  had  been  exerted  on  the  flora 
by  the  operation  of  the  salt  works  at  Warsaw  and  its  neighboring 
localities,  that  place  was  visited.  It  is  well  known  that  certain 
so-called  seaside  and  salt  marsh  plants  occur  at  Onondaga  lake,  about 
the  salt  works  at  Salina,  and  in  other  places  where  there  are  saline 
influences.  It  is  evident  that  at  Warsaw  no  saline  influences  have 
been  present  until  quite  recently.  No  salt  springs  come  to  the 
surface.  The  salt  water  is  manufactured,  so  to  speak,  and  pumped 
up  from  great  depths.  No  salt  marsh  plants  existed  there  when 
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the  salt  wells  were  first  opened.  Had  any  been  introduced  and 
established  there  since  that  time,  was  a question,  the  answer  to 
which  I wished  to  put  on  record.  Not  a single  plant  of  this  char- 
acter was  found.  The  nearest  approach  to  it  is  the  common  orache, 
Atriplex  patula,  which  grows  freely  along  the  sea  coast;  but  this 
plant  is  also  capable  of  living  and  thriving  in  places  remote  from 
salt  water  or  saline  influences.  It  has  followed  the  tracks  of  our 
railroads  till  now  it  is  a common  plant  along1  these  thoroughfares 
in  many  places  in  the  interior  of  the  State.  At  Warsaw  it  is 
abundant,  and  occurs  in  several  well-marked  forms,  thus  showing 
well  its  dipsosition  to  vary.  Its  fondness  for  salt  water,  however, 
is  shown  by  the  fact  that  it  is  especially  vigorous  along  the  ditches 
by  which  the  waste  brine  is  carried  away,  and  it  follows  these  for 
considerable  distances.  Some  of  the  trees  in  the  immediate  vicinity 
of  several  factories  were  seen  to  be  dead  or  dying.  Their  death 
was  apparently  due  to  the  gaseous  products  of  the  combustion  of 
coal  which  is  used  in  running  the  works.  They  were  not  in  reach 
of  the  brine. 

Two  opinions  are  entertained  concerning  the  liability  of  plants 
to  the  attacks  of  parasitic  fungi.  Some  claim  that,  no  matter  how 
vigorous  and  healthy  a plant  may  be,  if  the  spores  of  its  parasite 
lodge  upon  it  the  result  will  be  the  development  in  it  of  the  disease 
which  that  parasite  generates  in  that  particular  host  plant.  Others 
claim  that  there  is  a difference  in  the  susceptibility  of  plants  of  the 
same  species  to  the  attacks  of  the  same  parasite;  that  a plant  in  a 
weak,  starved  or  feeble  condition  is  more  likely  to  yield  to  and 
suffer  from  the  attacks  of  its  parasites  than  is  one  of  the  same 
species  which  is  strong,  well  fed  and  vigorous.  In  other  words,  it 
is  claimed  that  the  vigorous  plants,  though  exposed  to  the  action 
of  the  spores  of  the  parasite,  have  the  power  to  resist  the  develop- 
ment of  the  disease  and  to  remain  healthy  and  unaffected;  while 
the  more  feeble  ones,  exposed  to  the  action  of  the  -spores  of  the 
same  parasite,  yield  to  the  disease  and  suffer  therefrom.  This  last 
claim  is  one  of  great  practical  importance,  and  if  it  can  be  shown 
to  be  well  founded,  a knowledge  of  it  may  be  useful.  Two 
instances  illustrative  of  it  fell  under  my  observation  the  past 
season. 

||At  Warsaw  a small  patch  of  knotgrass,  Polygonum  aviculare, 
was  noticed.  The  plants  were  very  small  and  starved  in  appear- 
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ance,  and  seemed  to  be  struggling  for  existence.  A close  inspec- 
tion showed  that  many  of  them  were  affected  by  a parasitic  fungus, 
Uromyces  Polygoni.  On  one  side  of  this  patch,  and  continuous 
with  it,  was  one  composed  of  taller,  more  healthy  looking  plants. 
These  were  entirely  free  from  the  fungus,  thus  indicating  that  the 
weakness  of  the  plants  in  one  patch  had  favored  the  development 
of  the  disease,  while  the  strength  of  the  plants  in  the  other  had 
resisted  it.  It  might  be  said  by  the  supporters  of  the  other  claim 
that  the  dwarfed  and  weak  condition  of  the  affected  plants  was  due 
to  the  presence  of  the  fungus  and  not  the  predisposing  cause  of  its 
presence.  To  one  accustomed  to  observe  this  fungus,  such  an 
assertion  would  carry  but  little  weight.  But  if  we  should  admit 
the  truth  of  this  assertion,  how  should  we  explain  the  presence  of 
the  dwarf  but  unattacked  plants  in  this  patch  ? 

In  low  ground  near  the  lake  shore  at  Port  Henry,  were  numerous 
seedling  plants,  apparently  of  the  discoid  tickseed,  Coreopsis 
dis coidea.  This  ground  had  been  overflowed  in  time  of  high  water, 
and  when  the  water  receded  it  left  numerous  heaps  of  small  sticks, 
bits  of  bark  and  other  floodwood.  Many  of  the  seedling  tickseeds 
were  growing  on  these  heaps  of  rubbish  where  there  was  little  or 
no  soil  to  afford  nutriment  to  their  roots.  Others  were  growing  on 
the  ground  about  them,  having  their  roots  imbedded  in  and 
nourished  by  the  soil.  The  plants  growing  on  the  floodwood  were 
in  many  instances  infested  by  a parasitic  fungus,  Peronospora 
Halstedii;  but  not  a single  affected  plant  could  be  found  among 
those  whose  roots  were  in  the  soil.  In  this  case  the  better 
nourished  plants  had  escaped  infection,  although  as  much  exposed 
to  it  as  their  less  favored  companions.  Possibly  there  may  be 
cases  in  which  plants  are  liable  to  the  attacks  of  parasitic  fungi,  no 
matter  how  strong  and  vigorous  they  may  be,  but  it  is  clear  that 
this  can  not  be  a rule  without  exceptions.  Instances  are  not  want- 
ing to  show  a greater  susceptibility  to  attack  in  weak  than  in 
strong  and  well  fed  plants.  Those  who  are  accustomed  to  collect 
specimens  of  parasitic  fungi  soon  learn,  almost  unconsciously,  to 
look  for  them,  either  among  feeble  and  starved  plants  or  among 
those  of  unusually  rank  and  luxuriant  growth. 

Very  respectfully  submitted 
CHAS.  H.  PECK 


Albany,  December  15,  1886 
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(A.) 

PLANTS  ADDED  TO  THE  HERBARIUM 


New  to  the  Herbarium 


Geum  macrophyllum  Willd. 
Aster  sagittifolius  Willd. 

Lactuca  Scariola  L. 

Mimulus  moschatus  Dougl. 
Amianthium  muscaetoxicum  Gr. 
Juncus  militaris  Bigel. 

Alopecurus  pratensis  L. 
Distichium  capillaceum  B.  & S. 
Calicium  eusporum  Nyl. 

Collybia  fuliginella  Pk. 

Clitopilus  subvilis  Pk. 

Hebeloma  glutinosum  Lind. 
Polyporus  dryophilus  Berk. 

P.  sinuosus  Fr. 

P.  radiculosus  Pk. 

Hydnum  velatum  B.  & C. 

H.  subfuscum  Pk. 

H.  carbonarium  Pk. 

Irpex  ambiguus  Pk. 

Porothelium  papillatum  Pk. 
Thelephora  dendritica  Berk. 
Stereum  abietinum  Pers. 
Hymenochaete  tenuis  Pk. 
Clavaria  Kromholzii  Fr. 
Phyllosticta  Caryae  Pk. 

P.  phaseolina  Sacc. 

P.  Lycopersici  Pk. 

P.  phomiformis  Sacc. 

P.  tumoricola  Pk. 

P.  populina  Sacc. 

P.  spermoides  Pk. 

P.  faginea  Pk. 

P.  vagans  Pk. 

P.  fatiscens  Pk. 

P.  Symphori carpi  West. 

Phoma  magnifructa  Pk. 

P.  leguminum  West. 


P.  eupyrena  Sacc. 

P.  Populi  Pk. 

P.  herbarum  West. 

P.  Castanea  Pk. 

P.  Dipsaci  Sacc. 

Aposphaeria  conica  Sacc. 
Cytospora  grandis  Pk. 
Haplosporella  Pini  Pk. 

Diplodia  paupercula  B.  & C. 

D.  Asparagi  Pk. 

Stagonospora  Chenopodii  Pk. 
Septoria  Stachydis  R.  & D. 

S.  fusca  Pk. 

S.  Stellariae  R.  & D. 

S.  Sibirici  Thum. 

S.  solidaginicola  Pk. 

S.  brevis  Pk. 

S.  populicola  Pk. 

S.  Smilacinae  E.  & M. 

Pilidium  graminicola  Pk. 
Gloesporium  Robergei  Desm. 

G.  septorioides  Sacc. 

G.  Lindemuthianum  Sacc. 

Melanconium  betulinum  Schm. 
M.  dimorphum  Pk. 

Marsonia  Populi  Sacc. 

Coryneum  tumoricola  Pk. 
Scolecosporium  Fagi  Lib. 
Pestalozzia  Jefferisii  Ellis. 
Monilia  Martini  5.  & E. 

M.  cinera  Bon. 

Ramularia  Barbareae  Pk. 
Coniosporium  punctoideum 

Karst. 

Hadosporium  Aphidis  Thum. 

C.  Asparagi  Fr. 

C.  brevipes  Pk. 
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C.  letiferum  Pk. 

Cercospora  Acetosellae  Ellis. 
Macrosporium  tomato  Cke. 
Pilacre  orientalis  B.  & Br. 
Graphium  Sorbi  Pk. 

Isariopsis  alborosella  Sacc. 
Fusarium  Lycopersici  Sacc. 
Peziza  truncicomes  Ger. 

P.  alboviolascens  A.  & S. 

Helotium  episphaericum  Pk. 
Ascomyces  letifer  Pk. 

A.#  rubrobrunneus  Pk. 

Erysiphe  horridula  Lev. 
Calosphaeria  ciliatula  Karst. 
Valsa  Thujse  Pk. 

V.  exudans  Pk. 

Valsella  adhaerens  Fckl. 


V.  Laschii  Sacc. 
Diatrypella  quercina  Nits. 
Melanconiella  Decorahensis  Ellis. 
Sphaerella  Pinsapo  Tkum. 

S.  minutissima  Pk. 

S.  alnicola  Pk. 

S.  Pontederias  Pk. 

Diaporthe  farinosa  Pk. 

D.  sulphur ea  Fck. 

Valsaria  Niesslii  Sacc. 
Leptosphaeria  Asparagi  Pk. 
Massaria  Pyrii  Ottk. 

Pleospora  Shepherdiae  Pk. 
Dothidella  Alni  Pk. 

Lophiotrema  vestita  Pk. 

L.  parasitica  Pk. 


Not  New  to  the  Herbarium 


Thalictrum  purpurascens  L. 
Nelumbium  luteum  Willd. 
Nymphaea  odorata  Ait. 

Nuphar  ad  vena  Ait. 

Nasturtium  lacustre  Gr. 

Arabis  Drummondii  Gr. 
Cardamine  hirsuta  L. 

Lepidium  Virginicum  L. 

Lechea  major  Mx. 

Polygala  paucifolia  Willd. 
Lathyrus  palustris  L. 

Lespedeza  violacea  Pers. 

Geum  rivale  L. 

Pyrus  sambucifolia  C.  & S. 
Amelanchier  Canadensis  T.  & G. 
Ribes  Cynosbati  L. 

R.  lacustre  Poir. 

R.  prostratum  L'Her. 

Cornus  paniculata  UHer. 
Lonicera  caerulea  L. 
Symphoricarpus  racemosus  Mx. 
Aster  acuminatus  Mx. 

A Radula  Ait. 

Solidago  uliginosa  Nutt. 
Hieracium  pilosclla  L. 
Rhododendron  Lapponicum 

Wahl. 

Hyssopus  officinalis  L. 


Polygonum  tenue  Mx. 
Diapensia  Lapponica  L. 
Carya  alba  Nutt. 

Quercus  palustris  Du  Roi. 
Betula  glandulosa  Mx. 

Salix  Cutleri  Tuckm. 

Abies  alba  Mx. 

Orchis  spectabilis  L. 
Clintonia  borealis  Raf. 
Streptopus  roseus  Mx. 

S.  amplexifolius  D.  C. 

Polygonatum  biflorum  Ell. 
Luzulu  parviflora  Desv. 
Juncus  articulatus  L. 
Scirpus  Eriophorum  Mx. 
Scleria  verticillata  Mukl. 
Carex  alopecoidea  Tuckm. 

C.  flava  L. 

C.  longirostris  Torr. 

Agrostis  vulgaris  With. 

A vena  striata  Mx. 

Panicum  capillare  L. 

P.  Crus-galli  L. 

Setaria  glauca  Bv. 

Triticum  caninum  L. 
Aspidium  Goldianum  Hook. 
Omphalia  umbellifera  L. 
Pleurotus  subareolatus  Pk. 
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Crepidotus  haerens  Pk. 
Boletus  subaureus  Pk. 
Polyporus  pubescens  Fr. 

P.  cyphellaeformis  B.  & C. 
Trametes  mollis  Fr. 

Phlebia  radiata  Fr. 

Odontia  fimbriata  Fr. 
Peniophora  neglecta  Pk. 
Clavaria  pinea  Pk. 
Gloeosporium  Martini  5.  & E. 


Marsonia  Juglandis  Sacc. 
Ramularia  Plantaginis  E.  & M. 
Cystopus  Bliti  Lev. 

Peronospora  Halstedii  Farl. 

P.  gangliformis  De  By. 

Trichothecium  roseum  Lk. 
Pezicula  acericola  Pk. 

Uncinula  adunca  Lev. 

Hypoxylon  atropunctatum  Schw. 
Diaporthe  acerina  Sacc. 
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(B.) 

CONTRIBUTORS  AND  THEIR 
CONTRIBUTIONS 


Mrs.  M.  M.  Patton,  Berne,  N.  Y. 

Cynoglossum  grande  Dougl.  | Brodiaea  capitata  Benth. 
Mrs.  I.  B.  Sampson,  Albany,  N.  Y. 

Sarracenia  variolaris  Mx.  | Ruellia  oblongifolia  Mx. 

Polygala  nana  DC.  | Eriocaulon  gnaphalodes  Mx. 

Hon.  David  Murray,  Albany,  N.  Y. 


Viola  lutea  Sm. 
Arenaria  verna  L. 
Silene  inflata  Sm. 
Parnassia  palustris  L. 
Saxifraga  aizoon  Jacq. 
S.  azoides  L. 

S.  bryoides  L. 


Sedum  acre  L. 

S.  saxatile  L. 

Linnea  borealis  Gron. 
Gnaphalium  leontopodium 

Willd. 

Hieracium  pilosella  L. 

Loiseleuria  procumbens  Desv. 


Prof.  James  Hall,  Albany,  N.  Y. 
Agaricus  subareolatus  Pk. 


Charles  E.  Beecher,  Albany,  N.  Y. 


Lenzites  sepiaria  Fr. 
Polyporus  brumalis  Fr. 
P.  sanguineus  L. 
Trametes  hydnoides  Fr. 


Daedalea  glaberrima  B.  & C. 
Stereum  versicolor  Fr. 
Hypochnus  rubrocinctus  Ehr. 
Geaster  minimus  Schw. 


George  A.  Rex,  M.D.,  Philadelphia,  Penn. 


Hemiarcyria  stipata  R. 

Arcyria  dictyonema  R. 

A.  CErstedii  R. 

Trichia  Jackii  R. 

Rev.  A.  B.  Langlois, 


Tilmadoche  gyrocephalum 

Mont. 

Physarum  pulcherrimum  B.&  C. 
P.  Petersii  B.  & C. 

Pointe  a la  Hache,  La. 


Cytospora  pallida  Ellis. 
Fusarium  sarcochroum  Desm. 
Ailographum  caespitosum  E.&E. 
Dinemasporium  Langloisii  Ellis. 


Botryodiplodia  diplocarpa 

E.  & E. 

Meliola  sanguinea  Ellis. 

Valsa  hy lodes  Ellis. 
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E.  C.  Howe,  M.D.,  Lansingburg,  N.  Y. 


Carex  Buxbaumii  Wahl. 
Alopecurus  geniculatus  L. 


Triticum  caninum  L. 


H.  L.  Griffis,  Binghamton,  N.  Y. 

Polygala  paucifolia  Willd. 

C.  E.  Smith,  Philadelphia,  Penn. 

Baptisia  tinctoria  R.  Br.  Linaria  vulgaris  Mill. 

Poly  gala  lutea  L. 

P.  H.  Dudley,  New  York,  N.  Y. 
Trametes  Pini  Fr.  | Polyporus  versicolor  Fr. 

Prof.  B.  T.  Galloway,  Columbia,  Mo. 


Cercospora  condensata  E.  & K. 
C.  Gymocladi  E.  & K. 

C.  rhuina  C.  & E. 

C.  Plantaginis  Sacc. 

C.  Caulophylli  Pk . 


Cercospora  Sanguinariae  Pk. 
Puccinia  Seymeriae  Burrill. 
Septoria  bacciligera  Wint. 
Gloeosporium  Aceris  Cke. 
Marsonia  Quercus  Pk. 


Prof.  L.  M.  Underwood,  Syracuse,  N.  Y. 
Puccinia  curtipes  Howe.  | Uromyces  Trifolii  Fckl. 

Prof.  T.  H.  McBride,  Iowa  City,  Iowa. 

Boletus  sphaerosporus  Pk. 

Julius  A.  Bisky,  Flushing,  N.  Y. 


Aster  Radula  Ait. 

A.  acuminatus  Mx. 


Mimulus  moschatus  Dougl. 
Amianthium  muscaetoxicum  Gr. 


Prof.  F.  Lamson  Scribner,  Washington,  D.  C. 
Arundo  Donax  L. 

A.  P.  Morgan,  Preston,  O. 


Polyporus  endocrocinus  Berk. 

Prof.  William  Trelease,  St  Louis,  Mo. 

Lycoperdon  delicatum  B.  & C.  | Dothidea  viridispora  Cke. 
L.  rimulatum  Pk. 
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Prof.  W.  A.  Kellerman,  Manhattan,  Kansas. 


Lenzites  abietina  Fr. 

Panus  stipticus  Fr. 

Poly  poms  adustus  Fr. 

P.  brumalis  Fr. 

P.  sulphureus  Fr. 

P.  applanatus  Fr. 

P.  picipes  Fr. 

P.  fraxinophilus  Pk. 

Trametes  sepium  Berk. 
Craterellus  cornucopioides  Fr. 
Stereum  frustulosum  Fr. 
Merulius  tremellosus  Schrad. 
Hydnum  pallidum  C.  & E. 
Tremella  foliacea  Fr. 
Gloeosporium  stenosporum 

E.  & K. 

Vermicularia  Dematium  Fr. 
Darluca  filum  Cast. 

Leptostroma  vulgare  Fr. 

L.  Actaeae  Schw. 

Septoria  Verbenae  R.  & D. 

S.  gaurina  E.  & K. 

S.  Nolitangeris  Ger. 

S.  Kalmicola  B.  & C. 

S.  Helianthi  E.  & K. 

S.  • Verbascicola  B.  & C. 

S.  Polygonorum  Desm. 

S.  Mimuli  E.  & K. 

S.  Pruni  Ellis. 

S.  Cerastii  R.  & D. 

S.  Gei  Desm. 

S.  sphaerelloides  E.  & K. 

S.  xanthifolia  E.  & K. 

S.  Sisymbrii  Ellis. 

S.  Speculariae  B.  & C. 

S.  Erigerontis  Pk. 

S.  lactucicola  E.  & M. 

S.  Cacaliae  E.  & K. 

Phyllosticta  Asiminae  E.  & E. 

P.  acericola  B.  & C. 

P.  smilacina  E.  & M. 

P.  Phaseoli  Sacc. 

P.  Chenopodii  West. 

P.  Ampelopsidis  E.  & M. 
P.  Labruscae  Thum. 

P.  Podophylli  Wint. 

P.  Lycii  E.  & K. 


Discosia  maculaecola  Ger. 

Phoma  glandicola  Desm. 
Stilbospora  ovata  Pers. 
Coniothyrium  herbarum 

C.  & E. 

Sphaeronema  Persicae  Schw. 
Caeoma  mercurialis  Lk. 
Coleosporium  Campanulacearum 

Fr. 

C.  Sonchi  Tul. 

C.  Senecionis  Fr. 

C.  Agrimoniae  Bon. 

Uredo  Smilacis  Schw. 

Trichobasis  Crotonis  Cke. 
Chrysomyxa  pyrolatum  Koenig. 
Synchytrium  Anemones  Woron. 
S.  mercurialis  Fckl. 

S.  Taraxaci  DeBy. 

Roestelia  penicillati  Fr. 

R.  lacerata  Tul. 

Melampsora  salicina  Lev. 
A^cidium  impatientatum  Schw . 
JE.  Allii-ursini  Pers. 

JE.  Tragopogonis  Pers. 

JE.  Prenanthis  Pers. 

JE.  Euphorbiae  Pers. 

JE.  leucospermum  DC. 

JE.  rubellum  Pers. 

JE.  Epilobii  DC. 

JE.  CEnotherae  Pk. 

JE.  Caladii  Schw. 

JE.  Dicentrae  Trel. 

JE.  Ficariae  Pers. 

JE.  Violae  Schum. 

JE.  Callirrhoes  E.  & K. 

JE.  amphigenum  E.  & K. 

JE . Sambuci  Schw. 

JE.  Verbenicola  E.  & K. 

JE.  Ceanothi  E.  & K. 

Uromyces  appendiculatus  Lev. 

U.  Zygadeni  Pk. 

U . Euphorbiae  C.  & P. 

U.  Lespedezae  Schw. 

U . Alchemillae  Pers. 

U . Peltandrae  Howe. 

U . Hyperici  Schw. 

Ustilago  Carbo  Tul. 
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U.  Syntherismse  Schw. 

Phragmidium  obtusum  Lk. 
Gymnosporangium  macropus 

Schw. 

Puccinia  Sorghi  Schw. 

P.  Helianthi  Schw. 

P.  Mariae  Wilsoni  Clint. 

P.  Amorphae  Curt. 

P.  aculeata  Lk. 

P.  Artemisiarum  Duby. 

P.  Myrrhis  Schw. 

P.  Xanthii  Schw. 

P.  Malvastri  Pk. 

P.  nigrescens  Pk. 

P.  Polygonoram  Lk. 

P.  solida  Schw. 

P.  Chaerophylli  Purt. 

P.  Menthae  Pers. 

P.  Silphii  Schw. 

Epicoccum  sphasrococcum  Berk. 
Sporocybe  byssoides  Fr. 
Fusicladium  fasciculatum 

C.&E. 

Helminthosporium  gracile 

Walk. 

H.  interseminatum  B.  & R. 
Macrosporium  Maydis  C.  & E. 
M.  Solani  E.  & M. 

M.  Catalpae  E.  & M. 

Polythrincium  Trifolii  Kze. 
Stachybotrys  lobulata  Berk. 
Botrytis  vulgaris  Fr. 

Pyricularia  grisea  Sacc. 
Cylindrosporium  Fraxini 

E.  & K. 

Microstroma  leucospora  Niessl. 
Ramularia  Desmodii  Cke. 

R.  Astragali  E.  & H. 

R.  Grindelias  E.  & K. 

R.  rufomaculans  Pk. 

R.  Tulasnei  Sacc. 

Entyloma  Ranunculi  Bon. 

E.  Physalidis  Wint. 

Cystopus  cubicus  Lev. 

C.  Bliti  DeBy. 

Peronospora  sordida  Berk. 

P.  parasitica  Tul. 

P.  gangliformis  DeBy. 


P.  alta  Fckl. 

P.  Halstedii  Farl. 

P.  Oxybaphi  E.  & K. 

P.  Arthurii  Farl. 

Cercospora  Acalyphae  Pk. 

C.  Ampelopsidis  Pk. 

C.  Chenopodii  Fres. 

C.  Plantaginis  Sacc. 

C.  effusa  Ellis. 

C.  Desmodii  E.  & K. 

C.  condensata  E.  & K. 

Cercospora  Gymnocladi  E.  & K. 
C.  chionea  E.  & K. 

C.  Isanthi  E.  & K. 

C.  rhuina  C.  & E. 

C.  microsora  Sacc. 

C.  Teucrii  E.  & K. 

Peziza  capitata  Pk. 

P.  floccosa  Schw. 

P.  nivea  Fr. 

Ascobolus  pilosus  Fr. 

Phacidium  Pini  Schw. 

P.  Medicaginis  Schw. 

Cenangium  triangulare  Schw. 
Exoascus  deformans  Berk. 
Chastomium  chartarum  Cd. 
Chaetomella  perforata  E.  & E. 
Podosphaeria  Kunzei  Lev. 
Phyllactinia  suffulta  Reb. 
Erysiphe  lamprocarpa  Lev. 
Uncinula  adunca  Lev. 

U.  Ampelopsidis  Pk. 

U.  macrospora  Pk. 
Microsphaeria  Euphorbiae  B.&C. 
M.  Platani  Howe. 

Diatrype  disciformis  Fr. 

D.  bullata  Fr. 

D.  hypophlasa  B.&C. 
Xylaria  Hypoxylon  Fr. 
Hypoxylon  sassafras  Schw. 

H.  atropunctatum  Schw. 

Rosellinia  millegrana  Sacc. 
Dothidea  perisporioides  B.&C. 
Stigmatea  Robertiani  Fr. 
Diaporthe  spiculosa  Fr. 
Phyllachora  Ulmi  Fckl. 
Heliosphaeria  patella  Grev. 
Linospora  capreae  Fckl. 
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Venturia  orbicula  C.  & P. 
Kellermania  yuccagena  E.  & E. 
Leptosphaeria  doliolum  Pers. 
Pleonectria  denigrata  Wint. 
Ophiobolus  porphyrogonus  Sacc. 
Melanomma  pulvispyrius  Fckl. 
Gnomonia  setacea  Pers. 
Melanconis  dasycarpa  E.  & R. 
Sphaeria  Caryase  C.  & E. 


S.  Arthuriana  Sacc. 

S.  anguillida  C.  & E. 

S.  fulgida  C.  & P. 

Sphaerella  decidua  E.  & K. 

S.  maculaeformis  Pers. 

S.  sparsa  Awd. 

S.  poly  stigma  Ellis. 

S.  Campanulae  E.  & K. 


E.  J.  Forster,  M.D.,  Boston,  Mass. 


Hydnum  auriscalpium  L. 
Scleroderma  vulgare  Fr. 
Phyllosticta  Sambuci  Desm. 
Sporidesmium  lepraria  B.  & Br. 
Phragmidium  bulbosum  Schl. 

P.  mucronatum  Lk. 

P.  gracile  Grev. 

Triphragmium  Ulmariae  Lk. 
Puccinia  graminis  Pers. 

P.  clandestina  Carm. 

P.  Umbilici  Guep. 

Ustilago  Carbo  Tul. 

H.  C.  Gordinier, 

Ranunculus  alismaefolius  Geyer. 
Lepidium  campestre  L. 

Cerastium  nutans  Raf. 

Arenaria  lateriflora  L. 

Geranium  Carolinianum  L. 
Trifolium  hybridum  L. 

Mitella  nuda  L. 

Chrysopsis  graminifolia  Nutt. 
Polygonum  tenue  Mx. 

Rumex  brittanica  L. 

Blitum  capitatum  L. 

Populus  balsamifera  L. 

J.  Dunn,  I 


Urocystis  pompholygodes  Schl. 
Podisoma  Sabinae  Fr. 

Roestelia  lacerata  T ul. 
Sepedonium  chrysospermum  Lk. 
Chaetomium  elatum  Kze. 
Hypomyces  aurantius  Tul. 

H.  lateritius  Tul. 

H.  rosellus  Tul. 

Sphaerotheca  Castagnei  Lev. 
Sphaeria  fimbriata  Pers. 
Sphaerella  Buxi  DC. . 

Stigmatea  Robertiani  Fr. 

M.D.,  Troy,  N.  Y. 

Salix  Candida  Willd. 

Thuja  occidentalis  L. 

Orchis  spectabilis  L. 

Cypripedium  spectabile  Swartz . 
Carex  Buxbaumii  Wahl. 

C.  Muhlenbergii  Schk. 

C.  alopecoidea  Tuck. 

C.  aurea  Nutt. 

Alopecurus  geniculatus  L. 
Glyceria  acutiflora  Ton. 
Pardanthus  Chinensis  Ker. 


, N.  Y. 


A piece  of  wood  of  silver  maple,  showing  the  scar  of  an  inscribed 
cross,  both  in  the  wood  and  the  bark. 

W.  S.  Hayward,  Sodus,  N.  Y. 


A splinter  of  wood  and  fragments  of  stone  broken  by  lightning. 
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(C.) 

PLANTS  NOT  BEFORE  REPORTED 

GEUM  MACROPHYLLUM,  Willd. 

Adirondack  mountains,  near  the  inlet  of  Lower  Ausable  pond. 
In  the  Manual  this  species  is  accredited  to  the  base  of  the  White 
mountains,  Northern  Michigan,  Illinois  and  north-westward.  Our 
newly  discovered  station  is  intermediate  between  the  eastern  and 
western  localities  recorded  in  the  Manual.  Flowering  specimens 
were  collected  in  June. 

LACTUCA  SCARIOLA,  L. 

Introduced,  but  apparently  well  established,  in  Clyde,  Wayne 
county.  September. 

MIMULUS  MOSCHATUS,  Dougl. 

Introduced.  “Well  established  in  a bog  near  Locust  Valley,” 
Long  Island.  Julius  A.  Bisky.  August. 

AMIANTHIUM  MUSCiETOXICUM,  Gr. 

Valley  Stream,  Long  Island.  July.  J.  A.  Bisky.  This  is 
probably  one  of  its  most  northern  stations. 

JUNCUS  MILITARIS,  Bigel. 

Adirondack  mountains.  In  Mud  pond  and  Clear  pond  near 
Long  lake.  July.  The  bayonet  rush  grows  in  shallow  water  in 
these  localities.  Its  panicle  is  not  very  conspicuous,  and  a 
superficial  observer  might  easily  mistake  the  plant  for  the  great 
bulrush,  Scirpus  validus,  which  grows  in  similar  situations.  It 
spreads  by  creeping  rootstocks  which  give  origin  to  new  plants, 
sometimes  at  less  than  an  inch  from  the  parent  plant.  The 
capillary  submersed  leaves  noticed  by  Dr  Robbins  in  flowing 
water  were  not  seen  in  these  stations,  in  which  the  plants  grow  in 
quiet  water.  The  whitish  membranous  scales  that  subtend  the 
reddish-brown  or  chestnut  colored  heads  of  flowers  are  noticeable  by 
reason  of  the  contrast  in  colors.' 
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DISTICHIUM  CAPILLACEUM,  B.  & S. 

Wet  rocks  and  precipices.  Adirondack  mountains,  Cascade ville. 
June.  The  distichous  arrangement  of  the  leaves,  characteristic  of 
the  genus,  is  not  very  conspicuous  in  this  moss,  which  at  first  sight 
somewhat  resembles  Dicranella  heteromalla. 

CALICUM  EUSPORUM,  Nyl. 

Bark  of  dead  balsam,  Abies  balsamea.  Chapel  pond,  Adiron- 
dack mountains.  June.  This  rare  lichen  has  but  recently  been 
detected  in  this  country.  Mr.  Willey  informs  me  that  he  first 
found  it  about  a year  ago  in  the  White  mountain  region. 

COLLYBIA  FULIGINELLA,  N.  sp. 

Pileus  convex  or  nearly  plane,  sometimes  irregular  or  undulate 
on  the  margin,  glabrous,  even,  fuliginous-brown,  flesh  white; 
lamellae,  rather  narrow,  close,  rounded  behind,  adnexed  or  nearly 
free,  white;  stem  equal  or  slightly  tapering  upward,  subfibrillose, 
stuffed  or  hollow,  colored  like  the  pileus  or  a little  paler,  white 
tomentose  at  the  base;  spores  subelliptical,  .0003  to  .00035  inch 
long,  .0002  to  .00025  broad,  usually  containing  a single  large 
nucleus. 

Pileus  1.5  to  2.5  inches  broad,  stem  1.5  to  2 inches  long,  2 to  3 
lines  thick. 

Under  or  near  arbor-vitae,  Thuja  occidentalis . Elizabethtown, 
Essex  county.  September. 

In  size  and  shape  this  species  resembles  Collybia  dryophila,  but 
its  color,  which  closely  resembles  that  of  Lacterius  lignyotus,  is 
far  different. 


CLITOPILUS  SUBVILIS,  N.  sp. 

Pileus  thin,  centrally  depressed  or  umbilicate,  with  the  margin 
decurved,  hygrophanous,  dark-brown  and  striatulate  when  moist, 
grayish-brown  and  silky-shining  when  dry;  lamellae  subdistant, 
adnate  or  slightly  decurrent,  whitish  when  young,  then  flesh-colored; 
stem  slender,  brittle,  rather  long,  stuffed  or  hollow,  glabrous,  colored 
like  the  pileus  or  a little  paler;  spores  irregular,  angular,  .0003  to 
.0004  inches  long;  odor  weak  or  none,  taste  farinaceous. 

Pileus  8 to  15  lines  broad,  stem  1.5  to  3 inches  long,  1 to  2 lines 
thick. 

Damp  soil  in  thin  woods.  Karner,  Albany  county.  October. 

The  species  seems  to  be  closely  related  to  Clitopilus  vilis , from 

(53) 


52 


NEW  YORK  STATE  MUSEUM 


which  I have  separated  it  because  of  its  smooth  and  shining  (not 
flocculose  and  opaque),  pileus  and  its  farinaceous  taste.  It  was 
discovered  in  1884,  growing,  in  company  with  Entoloma  rhodopolium 
in  such  a way  that  it  was  taken  to  be  a variety  of  it,  and  it  was 
referred  to  that  species  under  the  name  var.  umbilicatum.  This 
year  it  was  found  plentifully  in  the  same  locality,  but  entirely 
unaccompanied  by  E.  rhodopolium.  A more  careful  study  of  it 
leads  me  to  the  conclusion  that  it  is  a distinct  species. 

HEBELOMA  GLUTINOSUM,  Lind. 

Among  fallen  leaves  and  on  half  buried  decaying  wood,  in  thin 
woods.  Conklingville.  September. 

In  wet  weather  the  gluten  is  sufficiently  copious  to  drip  from  the 
pileus. 

CORTINARIUS  SUBFERRUGINEUS,  Fr. 

Thin  woods.  Conklingville.  September. 

POLYPORUS  DRYOPHILUS,  Fr. 

At  the  base  of  oak  trees.  Conklingville.  July. 

POLYPORUS  SINUOSUS,  Fr. 

Decaying  wood  of  maple,  Acer  saccharinum.  Forestburgh, 
Sullivan  county.  September.  The  species  is  remarkable  for  and 
easily  known  by  its  sweet  and  agreeable  fragrance,  which  has  been 
likened  to  that  of  licorice. 

POLYPORUS  RADICULOSUS,  N.  sp. 

Resupinate,  effused,  thin,  soft,  tender,  orange-yellow,  the 
mycelum  creeping  in  and  over  the  wood,  silky-tomentose,  at  first 
white,  then  yellow,  forming  numerous  yellow  branching  root-like 
strings  or  ribs  which  are  more  or  less  connected  by  a soft,  silky 
tomentum;  pores  rather  large,  angular,  at  first  shallow,  sunk  in 
the  mycelium,  the  dissepiments  becoming  more  elevated,  thin  and 
fragile;  spores  elliptical,  .0002  to  .00025  inch  long,  -00012  to  .00016 
broad. 

Half  buried  chips  of  poplar.  Populus  tremuloides.  Gansevoort. 
September. 

The  species  is  allied  to  P.  Vaillantii,  in  its  peculiar  rhizomor- 
phoid  strings  of  mycelium,  but  from  this  it  differs  decidedly  in  its 
color  and  texture.  In  these  respects  it  approaches  P.  bombycinus, 
of  which  it  may  possibly  be  a peculiar  variety.  It  is  very 
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destructive  to  the  wood  on  which  it  grows,  causing  it  to  become 
soft,  brittle  and  even  friable. 

HYDNUM  VELATUM,  B.  & C. 

Decaying  wood  of  poplar,  Populus  tremuloides.  Gansevoort. 
September. 

HYDNUM  SUBFUSCUM,  N.  sp. 

Resupinate,  thin,  soft,  the  margin  and  subiculum  beneath  white, 
tomentose,  sometimes  extended  into  branching  strings  of  mycelium, 
the  upper  surface  of  the  subiculum  pale  yellowish-brown  or  dingy- 
isabelline,  when  magnified,  appearing  as  if  sprinkled  with  minute 
shining  particles;  aculei  slender,  subulate,  very  acute,  white  when 
young,  then  with  white  tips  or  wholly  colored  like  the  subiculum. 

Decaying  wood  of  deciduous  trees.  Conklingville.  September. 
In  H.  himantia,  which,  in  some  respects,  this  species  resembles 
the  teeth  are  described  as  obtuse  and  pulverulent. 

HYDNUM  CARBONARIUM,  N.  sp. 

Resupinate,  very  thin,  at  first  floccose-pruinose  and  white,  then 
smoky-brown,  sometimes  retaining  a white  margin;  aculei  at  first 
short,  then  longer,  subulate  or  cylindrical,  minutely  ciliate  at  the 
apex,  whitish  when  young,  then  smoky-brown. 

Charred  wood.  Elizabethtown.  September.  The  species  is  easily 
recognized  by  its  peculiar  color  and  by  the  ciliate  or  setulose  tips 
of  the  teeth.  It  appears  as  if  it  had  been  smoked  or  scorched. 

IRPEX  AMBIGUUS,  N.  sp. 

Resupinate,  adnate;  subiculum  very  thin,  flocculose-pruinose, 
white,  becoming  pallid  with  age;  aculei  oblique,  somewhat  united 
at  the  base,  minute,  very  variable,  subulate  and  entire,  or  com- 
pressed, acute,  truncate,  branched,  incised  or  subserrate,  white 
when  young,  becoming  pallid  with  age. 

Decaying  beech  wood  and  bark.  Adirondack  mountains.  Sep- 
tember. 

It  forms  small  irregular  or  interrupted  patches.  To  the  naked 
eye  it  resembles  Hydnum  pallidum , but  the  teeth  are  more  or  less 
united  at  the  base,  thus  requiring  it  to  be  placed  in  the  genus  Irpex. 
Scarcely  any  two  of  them  are  exactly  alike. 

POROTHELIUM  PAPILLATUM,  N.  sp. 

Effused,  very  thin,  flocculose-pruinose,  white  when  young,  soon 
pallid  or  isabelline,  subwaxy  and  often  rimose,  the  margin  subin- 
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determinate;  verrucae  minute,  subdistant,  at  first  a limpid  globule 
resting  on  the  subiculum,  then  slightly  prominent,  papilliform, 
colored  like  the  subiculum  and  crowned  with  a limpid  globule  which 
varies  in  color  from  hyaline  to  amber. 

Decorticated  wood  of  poplar,  Populus  tremuloides.  Elizabeth- 
town. September.  It  forms  patches  several  inches  in  extent.  It 
is  apparently  related  to  P.  Friesii,  but  it  is  not  membranous,  the 
warts  are  colored  like  the  subiculum  and  are  not  immersed  in  it. 

THELEPHORA  DENDRITICA,  Berk. 

Overspreading  the  hymenium  of  effete  Poly  poms  applanatus. 
Adirondack  mountains.  September. 

STEREUM  ABIETINUM,  Pers. 

Prostrate  trunk  of  spruce,  Abies  nigra.  Cascadeville,  Adiron- 
dack mountains.  June. 

Our  specimens  agree  with  the  description  of  the  species  to 
which  we  have  referred  them,  but  they  present  some  interesting 
characters  not  mentioned  in  that  description.  It  often  happens 
that  great  perplexity  arises  because  of  the  incomplete  descriptions 
of  some  of  the  older  authors.  A careful  examination  of  our  speci- 
mens shows  the  presence  of  both  setae  and  metuloids,  the  latter 
much  more  numerous  than  the  former.  Thus  this  species  does  for 
Stereum,  Hymenochaete  and  Peniophora  what  Dcedalea  confragosa 
does  for  Daedalea,  Trametes  and  Lenzites,  as  was  shown  in  the 
thirtieth  report.  It  sets  at  naught  the  characters  used  in  dis- 
tinguishing these  genera,  and  bids  defiance  to  the  generic  limits 
assigned  in  the  botanies.  To  the  naked  eye,  the  hymenium  in  our 
specimens  has  a somewhat  “velvety  pruinose”  appearance,  but 
when  examined  by  the  microscope  it  is  found  to  be  abundantly 
furnished  with  projecting  setiform  bodies,  some  of  which  are 
smooth  and  colored,  as  in  Hymenochaete;  others  are  colorless  and 
rough  or  minutely  warted,  as  in  Peniophora.  Sometimes  a single 
one  is  colorless  and  warted  in  the  upper  part,  colored  and  smooth 
in  the  lower.  And  as  if  this  was  not  enough  of  confusion  to  our 
former  notions,  the  hymenium,  though  dry,  becomes  rimose  as  in 
many  species  of  Corticium.  The  fungus  sometimes  forms  patches 
several  inches  in  extent  by  the  confluence  of  individuals.  It  is 
nearly  or  quite  one  line  thick,  the  intermediate  stratum  being 
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composed  of  erect  fibres.  Though  dry,  it  is  not  very  tough.  The 
spores  are  oblong  or  subfusiform  .0005  to  .0007  inch  long,  .0002 
broad. 

HYMENOCHjETE  TENUIS,  N.  sp. 

Resupinate,  very  thin,  even,  forming  elongated,  more  or  less 
confluent,  dark  ferruginous  patches,  concolorous  on  the  determinate 
margin,  inseparable,  rimose;  setae  acute,  .0012  to  .0025  inch  long. 

Decorticated  wood  of  arbor-vitae,  Thuja  occidentalis . Cascade- 
ville.  June. 

CL  A V ARIA  KROMHOLZII,  Fr. 

Open  woods.  Brewerton  and  Adirondack  mountains.  September. 

PHYLLOSTICTA  LYCOPERSICI,  N.  sp. 

Spots  large,  suborbicular,  cinereous;  perithecia  minute,  brown 
or  blackish,  opening  by  a single  or  sometimes  by  two  pores;  spores 
abundant,  oblong  or  elliptical,  .00025  to  .0003  inch  long,  .0001 
to  .00012  broad. 

Fruit  of  tomato,  Lycopersicum  esculentum.  Menands,  Albany 
county.  July. 

PHYLLOSTICTA  PHASEOLINA,  Sacc. 

Leaves  of  cultivated  bean,  Phaseolus  vulgaris.  Menands.  Sep- 
tember. 

PHYLLOSTICTA  CARY2E,  N.  sp. 

Spots  large,  irregular,  often  confluent,  at  first  yellowish,  then 
brown,  sometimes  becoming  grayish  in  the  center;  perithecia 
minute,  .004  inch  broad,  punctate,  epiphyllous;  spores  irregularly 
elliptical,  .0002  inch  long,  .00008  broad. 

Living  leaves  of  hickory,  Carya  alba.  Piffard.  August. 

PHYLLOSTICTA  PHOMIFORMIS,  Sacc. 

Living  leaves  of  white  oak,  Quercus  alba.  Sandlake,  Rensselaer 
county.  September. 

PHYLLOSTICTA  TUMORICOLA,  N.  sp. 

Spots  suborbicular,  arid,  pallid  with  a reddish  or  reddish-brown 
margin,  apparently  caused  by  insects;  perithecia  amphigenous  or 
epiphyllous  minute,  .005  to  .007  inch  broad,  depressed,  brownish; 
spores  oblong  or  narrowly  elliptical,  colorless,  .0004  to  .0005  inch 
long,  .0002  to  .00025  broad.- 

Living  gall-spotted  leaves  of  white  oak,  Quercus  alba.  Karner. 
October.  In  P.  phomiformis  the  spores  are  much  larger  than  in 
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this  species.  The  spots  are  centrally  punctured  and  appear  to 
have  been  produced  by  the  stings  of  insects. 

PHYLLOSTICTA  POPULINA,  Sacc.  v.  PARVA  n.  var. 

Living  or  languishing  leaves  of  necklace  poplar,  Populus  mon- 
ilifera.  Menands.  October. 

Spots  very  small,  orbicular,  white,  with  a brown  border;  peri- 
thecia  one  to  four  on  a spot. 

PHYLLOSTICTA  SPERMOIDES,  N.  sp. 

Spots  suborbicular,  brown  or  cinereous  with  a brown  border » 
sometimes  confluent;  perithecia  minute,  .0014  to  .0025  inch  broad, 
numerous,  hypophyllous,  blackish;  spores  minute,  cylindrical,  .0002 
inch  long. 

Living  leaves  of  wild  grape  vine,  Vitis  riparia.  Gansevoort. 
September. 

PHYLLOSTICTA  FAGINEA,  N.  sp. 

Spots  suborbicular,  small,  often  seriate  or  subconfluent,  and 
arranged  in  rows  parallel  to  the  veins  of  the  leaf,  cinereous  or 
reddish-gray,  with  a reddish-brown  border  or  wholly  reddish-brown, 
subferruginous  beneath;  perithecia  few,  epiphyllous,  minute,  .003 
inch  broad,  black;  spores  ovate  or  elliptical,  .0003  to  .0004  inch 
long,  .0002  to  .00025  broad. 

Living  leaves  of  beech,  Fagus  ferruginea.  Argusville  and 
Elizabethtown.  September. 

PHYLLOSTICTA  VAGANS,  N.  sp. 

Spots  none;  perithecia  minute,  .003  to  .0035  inch  broad, 
amphigenous,  numerous,  occupying  the  whole  leaf,  black;  spores 
very  minute,  spermatoid,  .00012  inch  long,  .00004  broad,  sometimes 
oozing  out  and  forming  a white  globule. 

Dead  leaves  of  Smilacina  racemosa . Conklingville.  September. 

This  is  a very  anomalous  species.  But  for  the  very  short 
minute  spores,  it  would  accord  better  with  Septoria  than  Phyl- 
losticta. 

PHYLLOSTICTA  FATISCENS,  N.  sp. 

Spots  rather  large,  suborbicular,  pallid,  generally  marked  by  one 
or  more  elevated  concentric  lines,  at  length  cracking  around  the 
margin  and  separating,  wholly  0r  in  part,  from  the  uninjured 
tissues  of  the  leaf;  perithecia  minute,  .004  inch  broad,  epiphyllous, 
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at  first  pale,  then  brownish;  spores  oblong,  straight  or  slightly 
curved,  .00025  to  .0004  inch  long,  .00012  to  .00016  broad. 

Living  leaves  of  yellow  pond  lily,  Nuphar  advena.  Argusville, 
Schoharie  county.  July. 

PHYLLOSTICTA  SYMPHORICARPI,  West. 

Living  leaves  of  snowberry,  Symphoricarpus  racemosus.  Cana- 
joharie,  Montgomery  county.  July. 

PHOMA  MAGNIFRUCTA,  N.  sp. 

Perithecia  small,  .005  to  .007  inch  broad,  scattered,  subglobose* 
erumpent,  black;  spores  oblong-fusiform,  .0009  to  .0012  inch  long* 
.0003  to  .0004  broad;  sporophores  short. 

Cone  scales  of  arbor-vitae,  Thuja  occidentalis . Keene  Essex 
county.  June. 

This  species  is  readily  distinguished  from  others  inhabiting  cone 
scales  by  its  large  spores. 

PHOMA  LEGUMINUM,  West. 

Legumes  of  locust,  Robinia  pseudacacia.  Piffard.  August. 

PHOMA  OLERACEA,  Sacc.  v.  DIPSACI  Sacc. 

Dead  stems  of  teasel,  Dipsacus  sylvestris.  Wallington,  Wayne 
county.  September. 


PHOMA  EUPYRENA  Sacc. 

Dead  potato  stems.  Menands.  October. 

PHOMA  POPULI,  N.  sp. 

Perithecia  minute,  .003  to  .004  inch  broad,  epiphyllous,  grega- 
rious, black,  opening  by  a large  pore;  spores  cylindrical,  straight 
or  slightly  curved,  .0006  to  .0008  inch  long,  .00012  broad. 

Dead  leaves  of  poplar,  Populus  tremuloides.  Elizabethtown. 
September. 

PHOMA  HERBARUM,  West. 

Dead  stems  of  wormwood,  Artemisia  vulgaris.  Port  Henry. 
June. 

PHOMA  CASTANEA,  N.  sp. 

Perithecia  numerous,  surrounding  the  branch,  .011  to  .014  inch 
broad,  erumpent,  black;  spores  minute,  oblong  or  cylindrical, 
.00025  to  .0003  inch  long,  .00006  to  .00008  broad;  sporophores  short. 
Dead  branches  of  chestnut,  Castanea  vesca.  Sandlake.  May. 
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APOSPHjERIA  CONICA,  Sacc. 

Decaying  oak  wood.  Piffard.  August. 

CYTOSP'ORA  GRANDIS,  N.  sp. 

Pustules  large,  two  to  three  lines  broad,  ellipsoid  or  suborbicular, 
scar-like,  ferruginous  from  the  ruptured  bark;  loculi  numerous; 
spores  minute,  curved,  .0002  inch  long. 

Dead  bark  of  sumach,  Rhus  typhina.  Gansevoort.  September. 

HAPLOSPORELLA  PINI,  N.  sp. 

Perithecia  valsoid,  caespitose,  three  to  five  in  a cluster,  sunk  in 
the  inner  bark,  erumpent;  spores  globose  or  subelliptical,  colored, 
.0005  to  .0006  inch  long. 

Dead  bark  of  white  pine,  Pinus  Strobus.  Elizabethtown.  June 

DIPLODIA  PAUPERCULA,  B.  & Br. 

Dead  branches  of  elder,  Sambucus  Canadensis.  Adirondack 
mountains.  June. 

DIPLODIA  ASPARAGI,  N.  sp. 

Perithecia  gregarious,  subglobose,  minute,  opening  by  a papillate 
pore,  black;  spores  elliptical,  colored,  .0008  to  .001  inch  long, 
.0005  broad. 

Dead  stems  of  asparagus.  Menands.  October. 

STAGONOSPORA  CHENOPODII,  N.  sp. 

Spots  few,  large,  brown  or  yellowish-brown;  perithecia  minute, 
.004  to  .005  inch  broad,  black;  spores  oblong,  obtuse,  biseptate  or 
triseptate,  constricted  at  the  septa,  colorless,  .0008  to  .001  inch 
long,  .0003  to  .0004  broad. 

Living  leaves  of  goose-foot,  Chenopodium  album.  Menands. 
August. 

SEPTORIA  STACHYDIS,  R.  & D. 

Living  leaves  of  hedge  nettle,  Stachys  aspera.  Port  Kent.  June. 

SEPTORIA  FUSCA,  N.  sp. 

Spots  blackish-brown,  indefinite,  occupying  the  lobes  of  the 
leaves  or  their  margins;  perithecia  epiphyllous,  black;  spores 
filiform,  straight,  slightly  curved  or  flexuous,  .0016  to  .002  inch  long. 

Living  or  languishing  leaves  of  wormwood,  Artemisia  vulgaris. 
Port  Henry,  June. 

It  differs  from  5.  Artemisiae  in  its  indefinite  spots  and  longer 
spores. 
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SEPTORIA  STELLARLE,  R.  & D. 

Living  or  languishing  leaves  of  chickweed,  Stellaria  media' 
Aden  Lair,  Adirondack  mountains.  June. 

SEPTORIA  SIBIRICI,  Thum. 

Living  leaves  of  fetid  currant,  Ribes  prostratum.  Adirondack 
mountains.  September. 

SEPTORIA  SOLIDAGINICOLA,  N.  sp. 

Spots  small,  angular,  white  or  whitish  on  the  upper  surface, 
darker  beneath,  surrounded  by  a brown  or  reddish  brown  border; 
perithecia  few,  usually  one  or  two  on  a spot,  epiphyllous,  sub- 
globose,  blackish;  spores  linear,  straight,  subacute,  simple,  .001  to 
.0016  inch  long,  .00016  broad. 

Living  leaves  of  goldenrod,  Solidago  arguta.  Cobble  hill,  near 
Elizabethtown.  September. 

Distinguished  from  5.  Solidaginis  by  its  longer  continuous  spores, 
which  are  neither  septate  nor  nucleate. 

SEPTORIA  BREVIS,  N.  sp. 

Spots  none;  perithecia  scattered,  epiphyllous,  minute,  .003  to 
.004  inch  broad,  opening  widely,  black;  spores  short,  .0004  to 
.0005  inch  long,  .00006  broad,  straight  or  slightly  curved. 

Dead  leaves  of  Solidago  virgaurea  v.  alpina.  Mt.  Marcy. 
June. 

Distinct  from  other  species  inhabiting  solidago,  by  its  very 
short  spores,  which  resemble  somewhat  the  allantoid  spores  of 
species  of  Valsa. 

SEPTORIA  POPULICOLA,  N.  sp. 

Spots  suborbicular,  reddish  or  brownish  red  with  a narrow 
blackish  border  on  the  upper  surface,  grayish  on  the  lower; 
perithecia  hypophyllous,  few,  pale,  opening  widely;  spores  filiform, 
curved,  two  to  four-septate,  .0025  to  .003  inch  long,  .00012  to  .00016 
broad. 

Living  leaves  of  balm  of  Gilead,  Populus  balsamifera.  Keene. 
June. 

Distinguished  from  other  species  found  on  poplar  by  its  long 
pluriseptate  spores.  The  perithecia  are  but  slightly  developed. 

SEPTORIA  SMILACINjE,  E.  & M. 

Languishing  leaves  of  Smilacina  racemosa.  Sandlake.  Septem- 
ber. 
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PILIDIUM^GRAMINICOLA,  N.~sp. 

Perithecia  minute,  .008  to  .014  inch  broad,  depressed,  erum- 
pent,  orbicular  or  hysteriform,  membranous,  opening  widely,  black, 
the  disk  whitish,  the  mouth  laciniate-dentate ; spores  oblong  or 
subfusiform,  colorless,  triseptate,  .0012  to  .0016  inch  long,  .0004 
to  .00045  broad;  sporophores  short,  colorless. 

Dead  leaves  of  blue  joint,  Calamagrostis  Canadensis.  Mount 
Marcy.  June. 

GLCEOSPORIUM  LINDEMUTHIANUM,  Sacc. 

Living  bean  pods,  especially  of  the  butter  or  wax  bean.  Menands. 
August. 

An  injurious  fungus  that  produces  brown  spots  on  the  pods,  thus 
spoiling  their  appearance  and  diminishing  their  value. 

GLCEOSPORIUM  SEPTORIOIDES,  Sacc. 

Living  leaves  of  white  oak,  Quercus  alba.  Gansevoort.  Sep- 
tember. 

GLCEOSPORIUM  ROBERGEI,  Desm. 

Living  leaves  of  water  beech,  Carpinus  Americana.  Gansevoort. 
September. 

MELAN CONIUM  BETULINUM,  Schm. 

Dead  bark  of  white  birch,  Betula  populifolia.  Menands.  Sep- 
tember. 

Distinguished  from  M.  bicolor  by  its  longer  spores. 

MELANCONIUM  DIMORPHUM,  N.  sp. 

Pustules  small,  subcutaneous,  slightly  prominent,  subconical, 
black,  containing  a small  white  stroma;  spores  of  two  forms,  one 
narrow,  cylindrical,  straight  or  curved,  .0003  to  .0004  inch  long, 
.00008  broad,  the  other  oblong,  elliptical  or  subfusiform,  colored, 
.0004  to  .0005  inch  long,  .0002  to  .00025  broad,  oozing  out  in  a 
black  mass  or  in  tendrils. 

Dead  branches  of  alder,  Alnus  viridis.  Adirondack  mountains. 
June. 

Remarkable  for  the  two  kinds  of  spores.  In  some  pustules  the 
broader  spores  are  more  numerous,  in  others  the  narrower  ones, 
but  both  kinds  were  found  in  all  the  pustules  examined.  Can  the 
narrow  ones  be  broken  or  effete  sporophores? 
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MARSONIA  POPULI,  Sacc. 

Living  leaves  of  Populus  monilifera.  Menands.  July. 

CORYNEUM  TUMORICOLA,  N.  sp. 

Spots  scattered,  suborbicular,  pallid  with  a reddish-brown  border, 
apparently  produced  by  insects;  heaps  epiphyllous,  minute,  dot- 
like, unequal,  black;  spores  oblong,  triseptate,  colored,  .0004  to 
.0005  inch  long,  .00016  broad,  at  length  breaking  from  the 
sporophores. 

Living  leaves  of  elm,  Ulmus  Americana.  Adirondack  moun- 
tains. July.  The  spots  in  this  instance,  as  in  that  of  Phyllosticta 
tumoricola,  appear  to  be  due  to  the  stings  of  insects.  A central 
aperture  or  puncture  is  visible  in  the  spot  and  the  fungus  occurs 
on  only  a part  of  them. 

SCOLECOSPORIUM  FAGI,  Lib. 

Dead  branches  of  alder,  Alnus  incana.  Elizabethtown.  Sep- 
tember. 

The  typical  form  occurs  on  beech,  but  I find  no  essential  differences 
in  the  form  on  alder.  Massaria  macrosperma , the  ascigerous  form, 
has  not  yet  been  observed  with  us. 

PESTALOZZIA  JEFFERISII,  Ellis. 

Leaves  of  wild  grape,  Vitis  riparia.  Gansevoort.  September. 

The  fungus  occurs  on  spots  which  are  apparently  produced  by  a 
sterile  Rhytisma. 

MONILIA  MARTINI,  E.  & S. 

Old  corn  cobs.  Menands.  September. 

MONILIA  CINEREA,  Bon. 

On  plums.  Sandlake.  Closely  related  to  Monilia  fructigena, 
with  which  the  species  has  been  united  by  some  authors. 

RAMULARIA  BARB  AREAS,  N.  sp. 

Spots  suborbicular,  arid,  white,  generally  bordered  by  a slightly 
thickened  brown  line;  flocci  amphigenous,  either  short  and  branched 
or  longer  and  simple;  spores  oblong  or  cylindrical,  often  catenulate, 
rarely  uniseptate,  .0004  to  .0009  inch  long,  .00012  to  .00016 
broad. 

Living  leaves  of  winter  cress,  Barbarea  vulgaris.  Highland  Mills 
and  Port  Henry.  June. 
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This  species  is  closely  related  to  R.  Armor aciae,  from  which  it 
may  be  distinguished  by  the  whiter  mostly  margined  spots,  the 
shorter  hyphae  and  the  catenulate  spores. 

CONIOSPORIUM  PUNCTOIDEUM,  Karst. 

Decorticated  wood  of  arbor  vitae,  Thuja  occidentalis . Adirondack 
mountains.  June. 

CLADOSPORIUM  APHIDES,  Thum. 

Dead  aphides  of  Phragmites  communis.  Bergen  Swamp.  June. 

CLADOSPORIUM  ASPARAGI,  Fr. 

Dead  stems  of  asparagus.  Menands.  October. 

CLADOSPORIUM  BREVIPES,  N.  sp. 

Spots  suborbicular,  cinereous;  flocci  densely  caespitose,  short, 
.001  to  .0015  inch  long,  dark  olivaceous,  almost  black  in  the  mass, 
amphigenous,  septate;  spores  terminal,  elliptical,  .0005  to  .0006 
inch  long,  .0003  to  .0004  broad. 

Living  leaves  of  white  oak,  Quercus  alba.  Menands.  July. 
This  species  forms  minute  compact  tufts,  so  distinct  and  well 
defined  that  they  might  easily  be  mistaken  for  perithecia. 

CLADOSPORIUM  LETIFERUM,  N.  sp. 

Spots  dark  brown,  irregular,  large,  often  involving  the  whole 
leaf;  tufts  epiphyllous,  subeffused,  olive  green,  the  hyphae  very 
short,  almost  obsolete;  spores  oblong-pyriform,  uniseptate  or 
biseptate,  slightly  constricted  at  the  septa,  .0008  to  .0012  inch 
long,  .0003  broad. 

Living  leaves  of  poplar,  Populus  tremuloides.  Keene.  June. 

This  fungus  often  kills  the  leaves  it  attacks.  When  the  spores 
have  a single  septum  the  two  cells  are  unequal;  when  they  have 
two  septa  the  middle  cell  is  generally  larger  than  the  terminal 
ones.  The  species  differs  from  C.  Aster oma  in  the  shape  and  char- 
acter of  the  spores  and  in  its  more  effused  habit. 

CERCOSPORA  ACETOSELLjE,  Ellis. 

Living  leaves  of  yellow  dock,  Rumex  crispus.  Elizabethtown. 
September. 

Our  specimens  differ  slightly  from  the  type  and  may  be  designated 
variety  maculosa.  Spots  numerous,  small,  suborbicular,  grayish, 
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surrounded  by  an  elevated  margin  and  a brownish-red  border; 
spores  at  length  with  one  or  two  septa. 

MACROSPORIUM  TOMATO,  Cke. 

Decaying  fruit  of  tomato.  Menands.  October. 

PILACRE  ORIENTALIS,  B.  & Br. 

Dead  bark  of  alders,  Alnus  incana.  Elizabethtown.  September. 

In  our  specimens  the  sporiferous  branches  are  sometimes  elon- 
gated and  flexuous  and  the  young  plant  wholly  white,  in  which 
respects  they  differ  from  the  typical  form  of  the  species.  But  the 
stem  soon  becomes  cinereous  and  finally  the  whole  plant  is  umber- 
brown.  Young  plants  sometimes  grow  from  the  base  of  old  ones, 
sometimes  from  the  head. 

GRAPHIUM  SORBI,  N.  sp. 

Spots  generally  small,  one  or  two  lines  broad,  orbicular,  definite, 
reddish-brown;  stems  hypophyllous,  rather  stout,  equal  or  slightly 
tapering  upward,  the  component  flocci  diverging  and  colorless  at 
the  apex;  spores  oblong,  hyaline,  .0008  to  .001  inch  long,  .00025 
to  .0008  broad,  sometimes  with  two  to  four  minute  nuclei. 

Living  leaves  of  mountain  ash,  Pyrus  Americana.  Adirondack 
mountains.  July. 

ISARIOPSIS  ALBOROSELLA,  Sacc. 

Living  or  languishing  leaves  of  chickweed,  Cerastium  vulgatum. 
Keene.  July. 

I find  only  uniseptate  spores  in  our  specimens. 

FUSARIUM  LYCOPERSICI,  Sacc. 

Fruit  of  the  tomato.  Menands.  August. 

A malady  affects  the  fruit  of  the  tomato.  In  the  vicinity  of 
Albany,  the  past  season,  the  first  ripening  tomatoes  were  found 
almost  invariably  to  be  soft  and  decaying.  A brown  or  discolored 
spot,  usually  located  at  the  flowering  end  of  the  fruit,  appears  to 
be  the  origin  and  center  of  the  disease.  This  spot  often  makes  its 
appearance  while  the  fruit  is  yet  green.  This  Fusarium  soon 
develops  on  this  spot,  appearing  in  the  form  of  minute  pallid  dots, 
or  in  more  effused  patches  which  are  of  a pinkish  or  an  orange 
hue.  With  advancing  age  it  assumes  a more  or  less  brownish  hue. 
If  the  affected  tomato  be  cut  open  its  inner  flesh  often  exhibits  a 
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peculiar  purplish  tint.  In  a short  time  the  white  flocculent  threads 
of  the  fungus  appear  on  the  cut  surface,  soon  to  be  followed  by  the 
more  waxy  and  colored  patches  of  spores,  thus  showing  that  the 
mycelium  has  permeated  the  diseased  flesh  of  the  tomato.  The 
affected  tomatoes  become  very  watery  and  any  surface  on  which 
a diseased  tomato  lies,  soon  becomes  wet  from  the  exuding  juices. 
From  the  constancy  with  which  this  fungus  appears  in  connection 
with  the  disease,  it  would  appear  that  it  might  be  regarded  as  the 
cause  of  the  decay,  but  there  are  circumstances  that  point  to  some 
more  subtle  agent  of  the  mischief.  Further  investigation  is  neces- 
sary to  determine  satisfactorily  the  source  of  the  disease. 

PEZIZA  TRUNCICOMES,  Ger. 

Decaying  prostrate  trunks  of  deciduous  trees.  Knowersville, 
Albany  county.  May. 

PEZIZA  ALBO VIOLASCEN S,  A.  & S. 

Old  chestnut  rails.  Conklingville.  September. 

HELOTIUM  EPISPEMERICUM,  N.  sp. 

Receptacle  minute,  .012  to  .02  inch  broad,  gregarious,  subsessile, 
at  first  subhyaline,  then  reddish-yellow,  the  disk  nearly  plane,  asci 
subcylindrical ; spores  oblong  or  lanceolate,  .0002  to  .00025  inch 
long,  .0001  to  .00012  broad. 

On  old  Hy poxy  Ion  Morsei.  Elizabethtown.  September. 

It  resembles  H.  citrinum  in  habit,  but  is  very  much  smaller. 

ASCOMYCES  LETIFER,  N.  sp. 

Indefinite,  hypophyllous,  often  occupying  the  whole  lower  surface 
of  the  leaf  and  suffusing  it  with  a glaucous  bloom;  asci  cylindrical, 
obtuse  or  subtruncate,  .0016  to  .002  inch  long,  .0006  to  .0008  broad; 
spores  minute,  varying  from  narrowly  elliptical  to  subglobose, 
.00016  to  .0002  inch  long,  .00008  to  .00012  broad. 

Living  leaves  of  mountain  maple  bush,  Acer  spicatum.  Eliza- 
bethtown. June. 

The  species  is  very  distinct  from  A.  polysporus , which  forms 
definite  spots.  The  attacked  leaves  soon  turn  black,  wither  and 
die.  Sometimes  all  the  leaves  on  a branch  are  affected  and  the 
fungus  then  causes  a veritable  blight. 
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ASCOMYCES  RUBROBRUNNEUS,  N.  sp. 

Spots  definite,  variable,  small  and  suborbicular  or  large  and 
irregular,  sometimes  confluent,  usually  concave  above,  convex 
below,  dull  reddish-brown  above,  paler  below;  asci  oblong,  trun- 
cate at  the  apex,  .002  to  .003  inch  long,  .0006  to  .0009  broad;  spores 
minute,  subelliptical,  .00012  to  .00016  inch  long,  .0006  to  .0008 
broad. 

Living  leaves  of  red  oak,  Quercus  rubra.  Sandlake.  September. 

In  some  respects  this  approaches  A.  alutarius , from  which  the 
color  of  the  spots,  larger  asci  and  different  shape  of  the  spores  will 
distinguish  it. 

ERYSIPHE  HORRIDULA,  Lev. 

Abundant  on  corn  gromwell,  Lithospermum  arvense.  Port  Henry. 
June. 

Our  specimens  were  too  young  when  collected  to  show  the  spore 
characters,  and  are  to  this  extent  doubtful. 

CALO SPILE RIA  CILIATULA,  Karst. 

Dead  trunks  and  branches  of  white  birch,  Betula  populifolia. 
Menands.  September. 


VALSA  THUJAS,  N.  sp. 

Pustules  scattered,  slightly  prominent,  closely  covered  by  the 
epidermis;  perithecia  nestling  in  the  inner  bark,  subcircinate,  five 
to  ten  in  a pustule;  asci  oblong-clavate,  .0014  to  .0016  inch  long; 
spores  allantoid,  .0004  to  .0005  inch  long,  .00008  to  .0001  broad. 

Dead  branches  of  arbor  vitae,  Thuja  occidentalis . Elizabethtown. 
September. 

VALSA  EXUDANS  N.  sp. 

Perithecia  collected  in  a cortical  stroma,  thin,  crowded,  angular, 
closely  covered  by  the  pustulately  elevated,  irregularly  ruptured 
epidermis,  ostiola  obscure  or  concealed  beneath  the  defiled  epidermis ; 
asci  very  slender,  cylindrical,  .0016  inch  long,  .00016  broad;  spores 
minute,  oblong,  straight,  colored,  .0002  inch  long,  oozing  out  and 
staining  the  surface  of  the  matrix. 

Dead  bark  of  alders,  Alnus  incana.  Elizabethtown.  September. 

This  is  an  anamolous  species  and  does  not  agree  well  with  the 
generic  characters'.  The  straight,  colored  and  oozing  spores  are 
unusual  and  peculiar  features. 
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VALSELLA  ADHERENS,  Fckl. 

Corticated  trunk  and  branches  of  white  birch,  Betula  populifolia 
Sandlake.  September. 

In  our  plant  the  disk  is  often  whitish  or  grayish  from  the  adhering 
remains  of  the  epidermis;  the  perithecia  are  five  to  twelve  in  a 
pustule  and  the  spores  are  colored  in  the  mass.  It  is  apparently  a 
variety  of  the  species  and  may  be  called  var.  Americana. 

VALSELLA  LASCHII,  Sacc. 

Dead  whitened  twigs  of  Acer  spicatum.  Port  Henry.  June. 

In  our  specimens  the  black  stroma  is  apparent  through  the 
translucid  epidermis,  and  the  white  disk,  though  small,  is  plainly 
seen  by  contrast.  The  asci  are  very  broad,  .0016  to  .002  inch  long, 
.0005  to  .0006  broad.  This  form  may  be  designated  as  var.  acerina. 

DIATRYPELLA  QUERCINA,  Nits. 

Dead  branches  of  thorn,  Crataegus  tomentosa.  Elizabethtown. 
September. 

Although  occurring  on  thorn  branches,  there  does  not  appear  to 
be  any  good  characters  for  separating  this  fungus  from  the  species 
to  which  I have  referred  it. 

SPHjERELLA  MINUTISSIMA,  N.  sp. 

Perithecia  very  numerous,  occupying  the  whole  lower  surface  of 
the  leaf,  very  minute,  .002  to  .0025  inch  broad,  veiled  by  the  epider- 
mis, black;  asci  oblong  or  slightly  narrowed  toward  the  apex, 
.0016  to  .002  inch  long,  .0003  to  .0004  broad;  spores  crowded, 
oblong,  straight,  obscurely  septate  in  the  middle,  .0006  to  .0007 
inch  long,  .00016  broad. 

Dead  leaves  of  alder,  Alnus  incana.  Adirondack  mountains. 
June. 

The  perithecia  are  scarecly  visible  to  the  naked  eye.  The  affected 
leaves  remain  on  the  branches  through  the  winter.  They  had  not 
yet  fallen  in  June. 

SPH^RELLA  ANLICOLA,  N.  sp. 

Perithecia  small,  .0035  to  .0045  inch  broad,  hypophyllous,  clus- 
tered or  scattered,  naked,  black;  asci  oblong  or  subclavate,  .002  to 
.0025  inch  long,  .0005  to  .0006  broad;  spores  crowded,  lanceolate, 
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uniseptate,  often  slightly  curved,  .0009  to  .0011  inch  long,  .00016 
broad. 

Dead  leaves  of  alder,  Alnus  viridis.  * Mt.  Marcy.  June.  The 
spores  are  narrowed  toward  one  end  and  septate  in  the  middle. 
The  species  is  evidently  distinct  from  S.  Alni  viridis  in  its  larger 
exposed  perithecia,  in  the  shape  of  its  spores  and  in  wanting  a 
dematiaceous  stroma.  Apparently  the  same  species  was  found  near 
Elizabethtown,  but  without  fruit. 

SPHiERELLA  PONTEDERLE,  N.  sp. 

Spots  rather  large,  six  to  ten  lines  long,  oblong  or  elliptical, 
sometimes  confluent,  brown  above,  blackish  brown  or  grayish 
brown  below;  perithecia  minute,  .003  inch  broad,  hypophyllous, 
black;  asci  oblong  or  subfusiform,  .002  to  .0025  inch  long,  .0005 
broad;  spores  crowded  or  biseriate,  oblong-clavate,  uniseptate, 
sometimes  quadrinucleate,  .0006  to  .0008  inch  long,  .0002  to  .00025 
broad. 

Languishing  leaves  of  pickerel  weed,  Pontederia  cordata.  White- 
hall, Washington  county.  September. 

Apparently  related  to  5.  Caladii,  but  with  longer  spores  and 
different  spots. 

SPHjERELLA  PINSAPO,  Thum. 

Fallen  leaves  of  arbor-vitae.  Port  Henry.  June. 

DIAPORTHE  SULPHUREA,  Fckl. 

Dead  stems  and  branches  of  hazelnut,  Corylus  rostrata.  Ganse- 
voort.  September. 

This  species  is  easily  recognized  by  the  beautiful  yellow  spurious; 
stroma  that  extends  everywhere  under  the  epidermis  of  the  affected 
branches. 

DIAPORTHE  (CHOROSTATE)  FARINOSA,  N.  sp. 

Stroma  somewhat  pulverulent  or  mealy,  dull  buff  colored,  formed 
of  the  slightly  changed  inner  bark,  erumpent  in  a minute  slightly 
exserted  disk;  perithecia  valsoid,  irregularly  circinating,  generally 
four  to  ten  in  a circle,  the  clusters  subconfluent,  ostiola  bladk,1 
dotting  the  prominent  pulverulent  buff  colored  or  at  length  brownish 
disk;  asci  subcylindrical,  .0024  to  .003  inch  long,  .00035  to  .0004 
broad ; spores  crowded  or  biseriate,  oblong  or  subfusiform,  uniseptate, 
generally  quadrinucleate,  .0006  to  .0008  inch  long,  .00016  to  .0002 
broad. 
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Dead  branches  of  basswood,  Tilia  Americana.  Argusville.  July. 

This  species  approaches  D.  furfur acea  in  its  pulverulent  stroma, 
but  it  differs  in  its  prominent  disk,  which  renders  the  affected 
branches  rough  to  the  touch,  and  in  its  smaller  quadrinucleate 
crowded  or  biseriate  spores.  From  D.  velata  it  is  easily  separated 
by  the  entire  absence  of  any  black  circumscribing  line  or  blackened 
surface.  It  evidently  belongs  to  the  subgenus  Chorostate,  but  the 
clusters  of  perithecia  are  so  numerous  and  so  closely  and  almost 
confluently  placed  that  they  form  an  almost  continuous  stratum 
which  surrounds  the  branch  and  extends  long  distances  under  the 
epidermis. 

MELAN CONIELLA  DECORAHENSIS,  Ellis. 

Dead  bark  of  white  birch,  Betula  populifolia.  Gansevoort. 
September. 

In  the  typical  form  the  disk  is  described  as  “sordid  gray.”  In 
our  specimens,  both  it  and  the  stroma  are  yellowish  green  and 
pulverulent.  On  the  smaller  branches  the  disk  is  smaller  and  the 
ostiola  are  less  prominent  than  on  the  larger  ones.  When  the 
epidermis  is  torn  away  the  perithecia  adhere  to  it.  The  young 
spores  are  colorless  and  subacute  at  each  end.  The  mature  ones 
are  colored,  obtuse  and  constricted  at  the  septum. 

The  conidia  ooze  out  and  form  orbicular  black  patches  one  to 
two  lines  broad.  These  are  very  conspicuous  by  reason  of  the  con- 
trast between  their  color  and  the  white  color  of  the  matrix. 

VALSARIA  NIESSLII,  Sacc. 

Dead  bark  of  white  birch,  Betula  populifolia.  Menands.  Sep- 
tember. 

LEPT O SPHLERI A ASPARAGI,  N.  sp. 

Perithecia  broadly  conical,  .01  to  .014  inch  broad,  at  first  covered 
by  the  pierced  epidermis,  then  naked,  black;  asci  clavate  or  cylin- 
drical, short  pedicellate,  .003  to  .004  inch  long,  .00045  to  -0006 
broad;  spores  oblong  or  subfusiform,  crowded,  .0008  to  .0012  inch 
long,  .0003  broad,  at  first  colorless  and  triseptate,  then  slightly 
colored  and  five-septate,  constricted  at  the  septa. 

Dead  stems  of  asparagus.  Menands.  October. 

MASSARIA  PYRI,  Otth. 

Bark  of  pear  and  apple  trees.  Albany.  May. 
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PLEOSPORA  SHEPHERDLE,  N.  sp. 

Perithecia  scattered,  small,  .014  to  .018  inch  broad,  covered  by 
the  epidermis,  erumpent,  black;  asci  cylindrical,  .006  to  .008  inch 
long,  .0006  broad;  spores  uniseriate,  oblong,  generally  triseptate, 
rarely  five-septate,  with  one  or  two  longitudinal  septa,  constricted 
in  the  middle,  colored,  .0008  to  .001  inch  long,  .0003  to  .0004  broad. 

Dead  branches  of  Sherpherdia  Canadensis.  Port  Henry.  June. 

DOTHIDELLA  ALNI,  N.  sp. 

Stroma  orbicular,  one  to  three  lines  broad,  thin,  convex  and 
black  above,  concave,  brown  or  grayish-black  and  papillosely 
rugulose  below;  asci  cylindrical;  spores  ovate-elliptical,  obscurely 
uniseptate  near  one  end,  colorless,  .0006  to  .0008  inch  long,  .0003 
to  .00035  broad. 

Dead  leaves  of  Alnus  viridis.  Mt.  Marcy.  June. 

The  spores  are  very  unequally  divided,  the  smaller  cells  appearing 
like  an  umbo. 

LOPHIOTREMA  VESTITA,  N.  sp. 

Perithecia  closely  gregarious,  small,  .014  to  .02  inch  broad,  sunk 
in  the  wood,  erumpent,  conical,  clothed  with  a slight  tawny-ferru- 
ginous pulverulent  tomentum,  ostiola  naked,  black,  subterete 
or  compressed;  asci  clavate,  .006  to  .007  inch  long,  .0006  to  .0007 
broad;  spores  crowded,  subfusiform,  at  first  biconic  and  uniseptate, 
then  triseptate  or  quadrinucleate,  constricted  in  the  middle,  colorless, 
.0012  to  .0016  inch  long,  .0003  to  .0004  broad. 

Decorticated  wood  of  poplar,  Populus  tremuloides.  Gansevoort. 
September. 

Readily  distinguished  by  the  tawny,  pulverulent  tomentum  of  the 
perithecia. 

LOPHIOTREMA  PARASITICA,  N.  sp. 

Perithecia  crowded,  subsuperficial,  .014  to  .02  inch  broad,  clothed 
with  a minute  subcervine  pulverulent  tomentum,  becoming  blackish- 
brown  with  age,  the  ostiola  prominent,  subterete  or  compressed, 
clothed  like  the  perithecia;  asci  subclavate,  .005  to  .006  inch  long, 
.0006  to  .0007  broad;  spores  crowded,  at  first  biconic,  then  triseptate, 
constricted  in  the  middle,  colorless,  .0012  to  .0016  inch  long,  .0003 
broad. 

On  old  Hypoxylon  Morsel.  Elizabethtown.  September. 

This  and  the  preceding  species  appear  to  be  peculiar  by  reason  of 
the  pulverulent  tomentum  of  the  perithecia.  They  would  seem  to 
constitute  a distinct  section  of  the  genus. 
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(D.) 

NOTES  AND  OBSERVATIONS 


THALICTRUM  PURPURASCENS,  L. 

A singular  Thalictrum  was  found  on  the  shore  of  Lake  Champlain, 
near  Port  Henry.  Its  leaves  were  thin  and  delicate,  quite  small, 
and  five  to  seven-lobed,  resembling  those  of  Thalictrum  dioicum. 
Some  had  a general  petiole,  others  had  none.  The  flowers  were 
almost  dioecious,  the  anthers  resembling  those  of  Thalictrum 
purpurascens , though  perhaps  they  were  a little  more  slender  and 
more  strongly  mucronate.  The  plants  had  the  general  aspect  of 
T.  purpurascens , except  the  leaves,  which  resembled  more  those  of 
T.  dioicum.  T.  dioicum  in  the  same  locality  was  past  flowering, 
it  being  now  the  middle  of  June,  and  had  developed  its  fruit  to  full 
size.  Whether  this  plant  is  a hybrid  between  . T.  dioicum  and 
T.  purpurascens , or  a variety  of  the  latter,  or  a distinct  species, 
is  a question  to  be  solved.  Similar  forms  have  been  regarded  by 
Professor  Trelease  as  hybrids. 

NASTURTIUM  LACUSTRE,  Gr. 

Black  creek,  near  Bergen. 

ARABIS  DRUMMONDII,  Gr. 

Port  Henry.  A form  with  spreading  pods. 

GEUM  RIVALE,  L. 

A form  with  pale  yellow  or  cream-colored  flowers  was  collected 
in  the  Adirondack  mountains.  It  is  not  rare  in  that  locality. 

RIBES  CYNOSBATI,  L. 

A very  lax  form  of  this  plant  occurs  at  Cascadeville,  in  the 
Adirondack  mountains.  The  branches  are  long  and  slender,  and 
the  flowers  are  much  scattered  and  very  long  pedicelled.  It  is 
associated  in  this  locality  with  Ribes  rotundifolium , R.  lacustre 
and  R.  prostratum.  All  were  in  flower  at  the  same  time.  The 
last  species  occurs  abundantly  at  Lower  Ausable  pond,  where 

(72) 


REPORT  OF  THE  DIRECTOR  1918 


7 1 


nearly  all  the  young  fruit  of  a large  patch  was  found  infested  by 
Sphaerotheca  Mors-uvae  Schw.,  which  fungus  is  probably  a mere 
variety  of  Sphaerotheca  pannosa  Lev. 

ASTER  SAGITTIFOLIUS,  Willd. 

This  fine  aster  has  not  hitherto  been  represented  in  the  herba- 
rium. It  is  recorded  in  the  New  York  State  Flora  as  a rare  plant 
in  New  York.  Fine  specimens  were  found  near  Piffard,  Livingston 
county,  and  it  occurs  in  great  abundance  along  the  railroad  between 
that  place  and  Rochester. 

ASTER  ACUMINATUS,  Mx. 

Glen  Cove,  Long  Island.  J.  A.  Bisky.  A very  noticeable 
station  for  this  mountain-loving  plant. 

SOLIDAGO  ULIGINOSA,  Nutt. 

Bergen  swamp.  A very  slender  form,  with  unusually  narrow 
and  entire  leaves,  and  a rather  short  panicle,  sometimes  slightly 
recurved. 

SYMPHORICARPUS  RACEMOSUS,  Mx. 

Near  Canajoharie.  The  variety  pauciflorus  in  rocky  places,  near 
Port  Henry. 

POLYGONUM  TENUE,  Mx. 

Summit  of  Cobble  hill,  near  Elizabethtown. 

SALIX  CANDIDA,  Willd. 

Occurs  sparingly  near  Guilderland  Station.  H.  C.  Gordinier. 

ABIES  ALBA,  Mx. 

Newcomb,  Essex  county.  It  also  occurs  in  North  Elba,  but  in 
all  the  localities  observed  by  me  the  trees  were  growing  in  cleared 
land,  and  had  evidently  sprung  up  since  the  forests  were  cut. 

ORCHIS  SPECTABILIS,  L. 

A form  with  white  flowers.  Schaghticoke.  H.  C.  Gordinier. 
Mr  H.  L.  Griffis  also  sends  a white-flowered  form  of  the  flowering 
wintergreen,  Poly  gala  paucifolia,  from  Binghamton. 

CLINTONIA  BOREALIS,  Raf. 

This  plant  grows  almost  everywhere  in  the  Adirondack  moun- 
tains, and  in  some  places  it  is  exceedingly  thrifty  and  vigorous. 
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It  is  not  uncommon  to  find  plants  with  one  or  even  two  lateral 
umbels  in  addition  to  the  terminal  one.  The  number  of  flowers 
in  the  dateral  umbels  is  generally  less  than  the  number  in  the 
terminal  umbel  of  the  same  plant,  and  when  there  are  three 
umbels  the  lowest  one  has  the  smallest  number  of  flowers.  They 
vary  usually  from  three  to  six  in  the  lateral  umbels.  In  one 
specimen  there  were  six  flowers  in  the  lateral  and  twelve  in  the 
terminal  umbel.  One  plant  had  five  large  leaves. 

SCLERIA  VERTICILLATA,  Muhl. 

A small  form  with  but  three  clusters  of  flowers  is  common  in 
Bergen  swamp. 

CAREX  ALOPECOIDEA,  Tuckm. 

This  species  is  rare  in  the  eastern  part  of  the  State.  It  occurs 
near  Lansingburg.  E.  C.  Howe  and  H.  C.  Gordinier. 

CAREX  FLAVA,  L. 

An  extremely  variable  species,  even  in  the  same  locality  and 
apparently  surrounded  by  the  same  circumstances  and  influences. 
At  Hewitt’s  pond  in  the  Adirondack  mountains,  specimens  were 
collected  which  were  but  four  or  five  inches  high  and  which  bore 
but  a single  small  fertile  spike  each.  Near  these,  others  were  found 
which  were  fifteen  or  sixteen  inches  high  and  bore  five  fertile  spikes 
each.  Another  form,  intermediate  in  size,  had  three  fertile  spikes, 
two  approximate  and  a lower  distinct  one. 

CAREX  LONGIROSTRIS,  Torr. 

Rocky  places.  Keene.  A rare  species  with  us. 

ALOPECURUS  GENICULATUS,  L. 

Green  Island.  H.  C.  Gordinier.  Lansingburg.  E.  C.  Howe. 

These  specimens  are  nearly  erect,  not  geniculate  at  the  base. 
On  the  other  hand,  specimens  of  Alopecurus  pratensis , a species 
described  as  erect,  were  collected  by  myself  near  Albany,  in  which 
the  stems  were  decidedly  geniculate  at  the  base,  thus  exactly 
reversing  this  character  as  given  in  the  descriptions. 

AGROSTIS  VULGARIS,  With. 

A form  with  very  many  of  the  flowers  developed  into  leafy  buds. 
Hewitts  pond. 
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PANICUMICRUS-GALLI,  l. 

The  form  with  dense  panicles  of  awnless  flowers  is  common  in 
wet  places  about  Warsaw,  Wyoming  county. 

BOTRYCHIUM  LANCEOLATUM,  Angst. 

Cascadeville,  Adirondack  mountains.  June. 

OMPHALIA  UMBELLIFERA,  L. 

Not  rare  in  the  Adirondack  mountains.  Variety  abiegnus  grows 
on  soft  decayed  wood  of  coniferous  trees,  and  has  a pale  yellow 
pileus.  Variety  alpinus  grows  among  mosses  and  on  muck  soil 
composed  of  decomposed  vegetable  matter.  It  usually  occurs  at 
high  altitudes.  It  was  plentiful  in  June  on  the  summit  of  Mt. 
Marcy.  In  it  the  pileus  and  lamellae  are  bright  yellow. 

PHOLIOTA  MYCENOIDES,  Fr. 

In  thin  woods  at  Conklingville  a form  was  found  having  the 
pileus  rugose. 

LENZITES  SEPIARIA,  Fr. 

A resupinate  form,  var.  dentifera,  occurs  on  spruce  in  the  Adiron- 
dack mountains,  in  which  form  the  lamellae  anastomose,  and  are 
more  or  less  toothed  or  lacerated,  resembling  an  Irpex  more  than 
a Lenzites. 

POLYPORUS  VOLVATUS,  Pk. 

This  singular  species  develops  in  May  and  June  in  the  Adirondack 
mountains.  When  young  it  is  slightly  viscid.  It  is  especially 
subject  to  the  attacks  of  insects.  In  July  most  of  the  specimens 
will  be  found  to  be  infested  by  them. 

CREPIDOTUS  HA2RENS,  Pk. 

Fine  specimens  of  this  rare  species  were  found  on  ash  and  butternut 
near  Sprakers.  The  pileus  is  sometimes  slightly  floccose-squamulose. 
The  tough  viscid  pellicle  is  s sparable,  and  in  drying  the  moisture 
disappears  from  the  disk  first,  from  the  thin  margin  last. 

HYDNUM  GRAVEOLENS,  Delast. 

A singular  Hydnum  was  found  at  Elizabethtown,  in  which  the 
pileus  was  very  uneven  and  everywhere  coated  with  a whitish 
villosity  or  tomentum.  It  has  the  peculiar  odor  of  H.  graveolens , 
to  which  species  we  have  referred  it  as  variety  incequale. 
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PHLEBIA  RADIATA,  Fr, 

Dead  bark  of  wild  bird  cherry,  Primus  Pennsylvania.  Conk“ 
lingville.  September.  A thin  cream-colored  form  corresponding 
nearly  to  variety  pallida  Fr.  It  sometimes  forms  extensive  patches 
by  the  confluence  of  many  individuals. 

ODONTIA  FIMBRIATA,  Pers. 

Decaying  wood  of  poplar.  Conklingville.  September.  A form 
with  the  subiculum  thicker  than  usual  and  finely  rimose.  Variety 
rimosa. 

PENIOPHORA  NEGLECTA,  Pk. 

A wholly  resupinate  form  occurs  on  red  maple.  Acer  rubrum. 
Bergen. 

CORTICIUM  MARTIANUM,  B.  & C. 

When  well  developed  this  is  a highly  colored  and  very  showy 
species.  At  first  a small  orbicular  tuft  of  strigose  radiating  hairs 
appears.  The  center  of  the  tuft  soon  assume  a reddish  tint,  which 
again  changes  to  bright-red  or  scarlet  and  becomes  waxy.  The 
hymenium  is  now  covered  with  irregular  rugae  or  folds  giving  the 
plant  the  appearance  of  some  species  of  Phlebia.  With  advancing 
age  the  hymenium  loses  its  brilliancy  and  becomes  tinged  with 
brownish,  grayish  or  olivaceous  tints,  but  the  margin  retains  for  a 
longer  time  its  bright-red  color,  which  fades  to  gray  on  the  extreme 
fimbriate  edge.  The  mycelium  is  yellowish.  Metuloids  have  been 
seen  in  some  specimens,  but  they  are  rare. 

SPILEROPSIS  MALORUM,  Pk. 

This  has  occurred  on  leaves  of  apple  trees,  but  in  this  case  with 
perithecia  rather  smaller  than  in  the  type. 

MARSONIA  JUGLANDIS,  Sacc. 

The  species  is  quite  variable,  being  both  hypophyllous  and 
epiphyllous,  and  occurring  on  small  or  large  spots  and  with  few  or 
many  nuclei. 

SEPTOCYLINDRIUM  RANUNCULI,  Pk. 

This  has  occurred  on  radical  leaves  of  Ranunculus  abortivus. 
Helderberg  mountains.  May. 

RAMULARIA  PLANTAGINIS,  E.  & M. 

Variety  nigromaculans  Pk.  Spots  with  a small  grayish  center 
and  a broad  blackish  or  blackish-brown  margin.  The  fungus  occurs 
on  this  blackish  margin.  Menands.  October. 
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PERONOSPORA  GANGLIFORMIS,  De  By. 

Living  leaves  of  Sonchus  asper.  Warsaw. 

PEZICULA  ACERICOLA,  Pk. 

Variety  gregaria  Pk.  Receptacles  small,  gregarious.  Bark  of  red 
maple,  Acer  rubrum.  Karner.  September. 

RHYTISMA  SALICINUM,  Fr. 

Fallen  leaves  of  Salix  Cutleri.  Mt.  Marcy.  June.  Fertile 
specimens. 
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REPORT  OF  THE  STATE  ENTOMOLOGIST 


General.  The  Entomologist  reports  that  the  season  of  1918 
presented  many  features  in  common  with  the  abnormal  spring  and 
summer  of  1917.  The  rainfall  in  the  western  part  of  the  State  was 
not  so  great  as  last  year  and  the  injury  then  so  generally  attributed 
to  the  seed  corn  maggot  was  much  less  prevalent,  and  limited  very 
largely  to  the  wetter  ground.  The  developments  of  both  last  year 
and  this  have  shown  that  the  seed  corn  maggot  problem  is  largely  a 
question  of  methods,  the  depth  of  planting  and  drainage  being  the 
more  important  factors  and  the  insect  injury  largely  a consequence 
of  unfavorable  conditions. 

The  apple  tent  caterpillar  was  notable  for  its  absence  in  most 
sections  of  the  State,  particularly  in  portions  of  Dutchess  county. 
The  late  leaf  feeders,  such  as  the  red-humped  apple  worm  and  the 
yellow-necked  apple  worm  were,  as  last  year,  exceptionally  abundant, 
and  there  has  been  even  more  severe  damage  in  Rensselaer  and  Col- 
umbia counties,  in  particular.  The  fall  webworm,  the  hickory  tussock 
moth  caterpillar  and  some  related  species  were  also  uncommonly 
numerous  and  destructive. 

Fruit  tree  insects.  Reports  received  by  the  Entomologist  from 
areas  infested  by  the  recently  established  apple  and  thorn  skeletonizer 
indicate  a moderate  abundance  of  the  insect  with  some  extension  of 
the  infested  territory.  It  is  now  known  to  occur  from  Yonkers 
north  to  Yorktown  Heights  and  it  appears  to  be  somewhat  generally 
distributed  in  Nyack. 

Codling  moth.  Field  studies  of  the  codling  moth  were  continued 
by  the  Entomologist  in  cooperation  with  the  bureau  of  horticulture 
of  the  State  Department  of  Farms  and  Markets.  Evening  tempera- 
ture records  were  kept  by  Mr  George  W.  Mead,  living  3 miles  west 
of  Barker  and  about  2 miles  from  Lake  Ontario,  and  Mr  E.  E.  Crosby, 
residing  4 miles  southeast  of  Lockport  and  located  on  the  Erie  plain 
about  14  miles  from  the  lake.  Interesting  variations  between  these 
two  localities  were  found  to  exist  and  as  evening  temperatures  greatly 
influence  the  deposition  of  codling  moth  eggs,  these  data  have  a 
practical  bearing  and  serve  to  explain  some  apparent  inconsistencies 
in  the  abundance  of  the  pest  in  various  orchards.  The  observations 
on  deposition  of  eggs  in  different  parts  of  Erie  county  by  Mr  L.  F. 
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Strickland,  inspector  of  the  Department  of  Farms  and  Markets, 
show  an  interesting  correlation  between  high  evening  temperatures 
and  oviposition  by  this  very  injurious  insect. 

Field  tests  were  also  conducted  to  determine  the  possibility  of 
destroying  the  moths  before  they  laid  their  eggs  by  spraying  the  trees 
thoroughly  with  a nicotine  preparation,  other  insecticides  being  simply 
incidental  to  the  main  purpose.  Work  of  this  kind  was  conducted 
on  the  farm  of  Mr  L.  L.  Morrell,  Kinderhook,  and  that  of  Mr  R.  E. 
Heard,  Lockport.  The  spraying  on  this  latter  was  under  the  super- 
vision of  Mr  Strickland  and  a canvass  of  the  results  shows  a decided 
improvement  following  the  application.  The  data  amply  warrant 
the  continuation  of  work  along  this  line. 

The  series  of  experiments  to  determine  the  relative  efficiency  of 
the  several  sprays  for  control  of  codling  moth  have  been  continued 
in  the  western  part  of  the  State  and  the  data  in  relation  thereto  are 
given  in  a general  discussion  of  the  codling  moth  work. 

Observations  relating  to  the  following  insects  are  based  on  field 
work  and  reports  by  the  Entomologist  and  his  correspondents. 

Apple  maggot.  It  was  not  possible  to  continue  the  field  work  with 
this  insect,  though  it  happens  that  the  orchard  sprayed  with  poison 
late  the  preceding  season  Was  gratifyingly  free  from  injury  last 
summer.  There  was  no  spraying  the  past  season  and  the  fruit  was 
very  severely  damaged.  This  alone  suggests  that  a late  application 
of  poison  at  the  time  the  flies  are  issuing  is  the  most  promising  method 
of  controlling  the  pest,  particularly  since  similar  results  have  been 
obtained  by  other  workers. 

White-marked  tussock  moth.  The  past  season  has  been  note- 
worthy because  of  the  unusual  abundance  of  the  caterpillars  in 
orchards  and  the  consequent  general  and  rather  serious  damage  to  the 
fruit.  It  was  this  insect  rather  than  the  leaf  roller  which  injured 
most  of  the  apples  in  many  localities. 

Red  bugs.  Injuries  by  red  bugs  are  becoming  increasingly  abund- 
ant here  and  there  in  the  State.  Fruit  growers  suffer  considerable 
losses  from  these  pests  and  frequently  secure  only  indifferent  results 
in  control  work  due  to  variations  in  the  time  of  hatching  of  the  bugs 
and  the  further  fact  that  spraying,  in  order  to  give  the  best  results, 
must  be  done  while  the  bugs  are  small  and  their  work  relatively 
inconspicuous. 

San  Jose  scale.  This  serious  pest  of  earlier  years  has  attracted 
comparatively  little  attention  the  past  two  seasons.  Spraying  with 
lime-sulphur  wash  at  winter  strength  has  uniformly  resulted  in 
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satisfactory  control  and  in  not  a few  localities  there  has  been  but 
little  breeding  even  in  unsprayed  orchards.  The  wet,  cold  weather 
of  early  summer  has  probably  had  an  important  influence  on  the 
development  of  this  insect,  and  largely  checked  its  breeding,  though 
parasites  doubtlessly  have  rendered  material  assistance. 

Pear  thrips.  This  minute  and  destructive  pest  is  sporadically 
abundant  here  and  there  in  the  pear-growing  sections,  specially  in 
the  Hudson  valley,  and  despite  the  watchfulness  of  fruit  growers 
there  is  likely  to  be  considerable  loss  before  the  seriousness  of  the 
infestation  is  appreciated  or  the  need  of  immediate  action  realized. 

Pear  psylla.  There  have  been  some  reports  of  injury  by  pear 
psylla  though  in  many  localities  the  insect  has  been  only  moderately 
abundant  and  in  not  a few  almost  absent.  The  cool  weather  and 
heavy  rains  have  had  a marked  influence  in  preventing  the  pest 
from  multiplying  greatly. 

Grass  and  grain  pests.  The  cool  weather  and  abundant  rains  of 
last  spring,  as  in  1917,  were  unfavorable  to  the  development  of  suffi- 
cient grasshoppers  to  cause  serious  damage  and  in  most  sections  these 
insects  were  not  unusually  abundant  though  toward  the  end  of  the 
season  they  were  somewhat  numerous  in  restricted  localities. 

The  white  grub  injury  rendered  probable  by  the  abundance  of 
May  and  June  beetles  in  1917,  failed  to  develop  in  most  localities. 
There  was  material  injury  in  restricted  areas  though  this  was  hardly 
comparable  to  that  of  1915.  Warning  notices  outlining  probabilities 
were  issued  in  early  spring  and  it  is  very  probable  that  in  many 
localities  the  comparative  freedom  from  damage  was  due  to  farmers 
taking  precautions  and  not  planting  crops  liable  to  injury,  such  as 
corn  and  potatoes  on  land  where  conditions  favored  an  abundance 
of  white  grubs. 

Wheat  midge  was  prevalent  in  the  rye  fields  of  the  eastern  part  of 
the  State  and  caused  somewhat  more  damage  than  in  1917.  The 
wheat  fields  of  the  western  section  were  also  generally  infested  by 
this  insect.  A survey  of  the  situation  by  the  Entomologist  covering 
Erie,  Genesee,  Niagara  and  Orleans  counties  disclosed  a general 
prevalence  of  the  insect  practically  without  reference  to  time  of 
sowing,  depth  of  plowing  or  previous  treatment,  though  it  was  note- 
worthy that,  generally  speaking,  the  more  vigorous  fields  showed  less 
of  the  pest.  The  bearded  wheats  are  usually  less  infested.  The 
results  of  these  studies  are  summarized  in  the  body  of  the  report. 

Grass  lands,  specially  pastures  and  corn  fields,  were  seriously 
injured  in  Broome  county  localities  by  grass  webworms  and  the 
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associated  bronze-colored  cutworm  and  also  the  greasy  cutworm. 
There  were  complaints  of  serious  injury  to  corn  by  webworms  and 
damage  by  the  lined  corn  borer  was  also  reported. 

Investigation  by  the  Entomologist  of  the  European  corn  borer, 
shows  it  to  be  very  destructive  in  eastern  Massachusetts.  The 
occurrence  of  the  pest  in  New  York  State  would  probably  mean  great 
losses  unless  there  was  effective  control.  Potentially  it  is  a serious 
enemy  of  corn  and  other  important  crops.  It  is  extremely  desirable 
to  prevent  its  spread.  The  history  of  other  pests  in  this  country 
suggests  that  actual  extermination,  though  costly,  would  be  true 
economy.  There  should  be  at  least  a determined  effort  to  accom- 
plish this  through  federal  and  state  agencies. 

Field  crops.  There  was  some  injury  to  beans  by  the  seed  corn 
maggot.  This  was  much  less  than  in  1917  in  spite  of  the  fact  that 
there  was  considerable  wet  weather.  The  comparative  immunity 
was  due  largely  to  modifications  in  methods,  care  being  taken  not  to 
put  beans  on  wet  land  and  if  this  was  necessary,  shallow  rather  than 
deep  planting  seemed  to  be  the  rule. 

Potato  aphis  appeared  toward  the  end  of  June  on  Long  Island  and 
later  developed  in  the  Hudson  valley  and  was  reported  from  the 
central  part  of  the  State.  The  history  of  the  attack  was  very  similar 
to  that  of  1917.  The  damage  was  markedly  less,  owing  to  the 
farmers  more  generally  appreciating  the  status  of  the  pest  and  being 
ready  to  adopt  control  measures  whenever  conditions  justified  them. 

Black  flea-beetles  were  unusually  abundant  and  injurious  on  Long 
Island,  in  the  Hudson  valley  and  in  some  other  sections  of  the  State, 
the  damage  being  limited  mostly  to  potato  and  tomato  plants  recently 
transplanted.  The  probabilities  are  that  poor  culture  the  preceding 
year,  due  presumably  to  scarcity  of  labor,  was  a factor  in  producing 
conditions  favorable  to  injury  by  this  pest.  Similar  conditions, 
possibly  more  accentuated,  may  be  expected  another  season. 

Forest  tree  pests.  There  has  been  comparatively  little  damage 
by  insects  to  forest  trees  though  there  was  some  stripping  of  wood- 
lands in  the  Catskills  by  caterpillars  of  the  snow-white  linden  moth. 
The  antlered  maple  caterpillar  defoliated  extensive  areas  in  the  nearby 
Berkshires  and  was  reported  from  one  New  York  locality.  The  fall, 
as  in  1917,  was  characterized  by  an  unusual  abundance  of  hickory 
tussock  moth  caterpillars  and  associated  species,  though  the  damage 
does  not  appear  to  have  been  so  extensive. 

Insects  and  health.  The  necessity  of  controlling  flies  and  other 
insects  frequenting  human  habitations  has  been  greatly  emphasized 
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by  the  extensive  mobilization  of  troops.  This  was  anticipated  by  the 
Entomologist  in  the  preparation  of  Household  and  Camp  Insects, 
Museum  Bulletin  194,  which  appeared  in  February  1917.  The 
publication  was  widely  distributed  among  military  officers  in  the  army 
as  well  as  to  those  specially  interested  in  work  of  this  kind  throughout 
the  country.  There  has  been  a constant  demand  for  the  bulletin 
throughout  the  season.  The  Entomologist  has  given  considerable 
attention  to  various  phases  of  this  problem. 

The  importance  of  insect  control  in  camp  and  field  is  apparent 
when  it  is  recalled  that  diseases  have  been  responsible  for  more  deaths 
in  armies  during  war  times  than  are  caused  by  wounds  and  that  such 
infections  as  typhus,  cholera,  malaria  of  various  types,  trench  fever 
and  typhoid  fever  may  be  carried  by  insects,  and  some  of  the  more 
important  of  these  infections  are  disseminated  only  by  such  agents. 
It  therefore  follows  that  the  application  of  precise  knowledge  regard- 
ing the  habits  of  insects  to  the  extremely  varied  conditions  encoun- 
tered by  an  army  in  the  field  and  particularly  an  appreciation  of  the 
benefits  resulting  from  the  avoidance  or  amelioration  of  conditions 
favorable  to  the  reproduction  of  dangerous  insects,  means  an  enormous 
advantage  to  the  units  in  a position  to  utilize  such  knowledge. 

The  broader  phases  of  insect  control  and  sanitation  were  discussed 
by  the  Entomologists  at  the  Pittsburgh  meeting  of  the  American 
Association  of  Economic  Entomologists  and  as  an  outcome  a special 
committee,  of  which  the  Entomologist  was  a member,  was  appointed 
for  the  purpose  of  promoting  the  better  utilization  of  the  entomological 
talent  of  the  country  in  army  sanitation.  There  were  several  con- 
ferences with  representatives  of  the  Surgeon  General  and  a number 
of  entomologists  have  been  demonstrating  the  utility  of  their  calling 
as  active  members  of  sanitary  corps.  Furthermore,  the  Entomolo- 
gist, upon  the  invitation  of  the  camp  surgeon,  made  an  examination 
of  conditions  at  Camp  Upton  with  special  reference  to  the  complex 
mosquito  problem  of  that  section. 

Another  very  important  phase  deserves  consideration  at  this  time, 
namely,  the  desirability  of  adopting  every  reasonable  precaution  to 
prevent  epidemics  after  the  establishment  of  peace.  Various  infec- 
tions have  been  widely  distributed  as  a result  of  the  wholesale  move- 
ment and  dissemination  of  troops  and  with  entire  nations  suffering 
from  malnutrition,  conditions  will  be  almost  ideal  for  extensive 
epidemics  when  warm  weather  permits  insects  to  become  active 
carriers  of  disease.  The  peril  is  greatest  in  portions  of  Europe, 
though  sections  to  which  troops  return  will  by  no  means  be  free  from 
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danger.  Doctor  Prinzing,  in  his  monograph  on  “ Epidemics  Result- 
ing from  Wars  ” states  that,  “ Until  comparatively  recent  times  the 
most  serious  human  cost  of  war  has  not  been  losses  in  the  field,  nor 
even  the  losses  from  disease  in  the  armies,  but  the  losses  from  epi- 
demics disseminated  among  the  civil  population.  It  was  the  war 
epidemics  and  their  sequelae,  rather  than  direct  military  losses  that 
accounted  for  the  deep  prostration  of  Germany  after  the  Thirty 
Years’  War.  Such  epidemics  were  also  the  gravest  consequence  of 
the  N apoleonic  W ar s . ” Wasted  resources  and  reduced  man  power  in 
certain  European  countries  mean  a relaxation  of  sanitary  precautions 
and  with  the  renewed  activities  of  insects  another  season  there  will 
be  almost  unexampled  opportunities  for  the  spread  of  disease  unless 
precautions  are  adopted  and  rigidly  enforced  at  the  very  outset. 

Special  entomological  service.  The  plan  was  to  promote  the  pro- 
duction of  larger  and  better  crops  and  was  a development  from  and 
continuation  of  the  insect  pest  survey  and  information  service  con- 
ducted by  the  Entomologist  during  the  summer  of  1917.  It  was 
emergency  war  work.  A series  of  weekly  reports  or  digests  were 
issued  throughout  the  active  part  of  the  season,  the  first  appearing 
May  23d  and  the  last  August  1st.  These  were  distributed  to  farm 
bureau  agents  throughout  the  State  and  to  a number  of  specially 
interested  persons,  particularly  those  in  position  to  influence  the 
adoption  of  better  measures  for  the  control  of  insect  pests.  This 
was  supplemented  by  correspondence  directing  the  attention  of 
observers  to  features  of  special  importance.  The  service  was  possible 
only  through  the  cooperation  of  the  farm  bureau  agents  and  a number 
of  observers  in  various  parts  of  the  State,  the  latter  mostly  earlier 
correspondents  of  the  office.  In  addition  to  the  weekly  reports 
mentioned  above,  special  circulars  were  issued  warning  of  probable 
injury  by  grass  web  worm,  potato  aphis,  summer  leaf  feeders  and  the 
wheat  midge  and  recording  the  most  recent  developments. 

The  main  purpose  of  the  undertaking  was  to  secure  early  and 
accurate  reports  of  insect  activities  from  all  over  the  State,  to  sum- 
marize the  information  thus  obtained,  distribute  it  promptly,  and 
thus  effect  material  reduction  in  the  serious  losses  annually  inflicted 
by  these  pests.  Particular  emphasis  was  laid  upon  the  initial  signs 
of  injury  in  order  to  promote  control  before  much  damage  had  been 
caused.  The  more  important  crops  received  first  attention,  specially 
the  insect  enemies  of  potatoes,  such  fruits  as  apples,  pears,  peaches 
and  cherries,  cereal  and  forage  crops  and  truck  and  garden  crops. 

It  is  impossible,  from  the  nature  of  the  case,  to  give  exact  figures  as 
to  the  value  of  the  service.  The  mere  fact  that  a close  watch  was 


REPORT  OF  THE  DIRECTOR  1918 


83 


kept  for  such  injury  is  worth  much  in  times  when  every  effort  should 
be  made  to  increase  production.  An  estimate  made  in  1913  placed 
the  approximate  damage  in  this  State  to  all  farm  crops  at  $20,000,000 
annually.  The  figures  should  be  considerably  higher  now.  Further- 
more there  is  need  of  discouraging  unwise  or  misdirected  efforts 
against  insects  of  little  importance  or  the  use  of  materials  or  methods 
of  doubtful  efficiency.  The  Entomologist  has  constantly  kept  these 
problems  in  mind  and  in  working  through  farm  bureau  agents  has 
been  able  to  do  much  in  standardizing  practices  and  increasing 
production. 

The  Entomologist  has  also  served  as  collaborator  with  the  Emer- 
gency Entomological  Service  of  the  United  States  Bureau  of  Entomol- 
ogy, thus  assisting  in  improving  conditions  in  the  country  as  a whole 
and  at  the  same  time  bringing  the  state  work  into  closer  touch  with 
that  of  Nation,  to  the  mutual  advantage  of  both. 

Gall  insects.  The  “ Key  to  American  Insect  Galls  ” has  been 
carried  through  the  press.  It  is  the  only  comprehensive  tabulation 
of  these  interesting  deformities  and  since  it  deals  primarily  with  the 
more  obvious  swellings  or  plant  malformations  rather  than  with 
the  minute  and  highly  complex  gall  makers  themselves,  it  will  greatly 
facilitate  the  study  of  the  interrelations  between  plants  and  insects. 
There  was  also  brought  together  and  tabulated  in  this  bulletin  data 
which  are  of  value  in  interpreting  biological  processes  and  are  not 
without  their  economic  or  practical  bearing,  since  a number  of  species 
comprised  in  this  large  group  are  pests  of  prime  importance,  notably 
the  Hessian  fly  and  the  wheat  midge,  the  latter  being  much  more 
destructive  in  earlier  years  than  at  the  present  time. 

Some  attention  has  been  given  to  gall  midges  and  a number  of 
interesting  forms,  including  several  new  genera,  have  been  described. 

Lectures.  The  Entomologist  has  delivered  a number  of  lectures 
on  insects,  mostly  economic  species,  before  various  agricultural  and 
horticultural  gatherings,  some  of  these  being  in  cooperation  with 
farmers’  institute  or  county  farm  bureau  agents.  Several  lectures 
have  also  been  given  under  the  auspices  of  local  welfare  associations. 

Publications.  Brief  popular  accounts  of  the  more  destructive 
insects  have  been  prepared  as  heretofore  and  widely  circulated  through 
the  county  farm  bureaus  and  the  local  papers. 

Owing  to  delay  in  printing,  the  report  for  1916  did  not  appear  until 
the  current  year  and  is  the  only  Museum  bulletin  on  entomology 
issued  in  the  period  covered  by  this  report.  A paper  on  “ Insects 
and  Camp  Sanitation  ” was  prepared  for  the  Journal  of  Economic 
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Entomology.  A general  popular  discussion  entitled  “ Gall  Insects 
and  their  Relations  to  Plants  ” appeared  in  the  June  issue  of  the 
Scientific  Monthly.  A popular  summary  of  losses  caused  by  insects 
and  the  possibilities  in  control  measures  was  published  in  State  Service 
under  the  title  “ Insects  Destroy  Millions  in  Property.”  The  need 
of  continuing  entomological  investigations  even  under  war  conditions 
was  presented  under  the  title  “ Entomological  Research  and  Utility  ” 
in  the  Scientific  Monthly.  There  were  also  several  technical  papers 
describing  gall  midges.  A list  of  the  publications  of  the  Entomologist 
is  given  in  his  report. 

Collections.  Very  desirable  additions  to  the  state  entomological 
collections  have  been  made  through  the  year,  some  of  the  best 
material  being  reared  in  connection  with  studies  of  insect  outbreaks 
or  as  a result  of  requests  for  information  concerning  previously 
unknown  forms.  Special  attention  has  been  paid  to  the  acquisition 
and  preservation  of  immature  stages,  since  these  are  very  difficult 
to  secure.  A noteworthy  donation  of  this  character  was  that  from 
Instructor  C.  P.  Alexander  of  the  University  of  Kansas,  whose  work 
on  the  Tipulidae  is  well  known.  It  comprises  a series  of  larvae  and 
pupae  of  representative  Crane  flies  belonging  to  n genera  and  16 
species.  A list  of  these  is  given  under  accessions  to  the  collections. 
A recent  communication  from  Mr  Alexander  states  that  we  have  one 
of  the  foremost  collections  of  Crane  flies  in  America  — largely  due 
to  the  efforts  of  Mr  Young.  A list  of  the  accessions  appears  in  the 
Entomologist’s  report. 

Unusual  demands  for  the  identification  of  insects  and  information 
in  regard  to  methods  of  control,  partly  a result  of  war  conditions,  has 
restricted  the  amount  of  time  which  could  be  given  to  the  identifica- 
tion and  arrangement  of  the  collections.  This  latter  is  necessary, 
otherwise  collections  may  be  simply  miscellaneous  aggregations  of 
unknown  material  of  comparatively  little  service  to  any  one. 

Mr  D.  B.  Young,  in  addition  to  numerous  identifications  for 
correspondents,  and  other  routine  work,  has  made  material  progress 
in  arranging  and  classifying  the  important  parasitic  flies  belonging 
to  the  Tachinidae  and  is  now  devoting  much  time  to  the  difficult 
Anthomyiidae,  among  which  latter  are  found  such  pests  as  the  onion 
maggot  and  the  cabbage  maggot.  He  was  also  exceptionally  fortu- 
nate in  collecting  at  Wells  a large  series  of  Amphicoma  vulpina 
Hentz,  an  extremely  rare  Scaraebaeid  hitherto  represented  in 
the  state  collections  by  only  one  or  two  specimens  without  a recorded 
locality. 
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The  maintenance  and  development  of  an  adequate  representation 
of  the  insect  life  of  the  State  means  an  enormous  amount  of  work  and 
with  the  passing  of  the  present  war  stringency  more  adequate  provi- 
sion should  be  made  for  this  line  of  activity.  There  are  more  than 
20,000  species  of  insects  in  the  State,  each  represented  by  at  least 
four  stages  and  not  a few  presenting  marked  differences  between  the 
various  molts  or  instars  of  the  larva.  This  gives  an  idea  of  the 
enormous  number  of  forms  falling  within  the  province  of  the  Ento- 
mologist. A thoroughly  representative  state  collection  should  con- 
tain specimens  of  all  and  in  the  case  of  many  variable  species,  specimens 
of  both  typical  and  aberrant  forms.  Such  a collection  possesses  not 
only  scientific  value  because  of  the  immense  amount  of  material 
assembled  and  the  lines  of  development  illustrated,  but  is  of  great 
practical  service  in  the  speedy  identification  of  any  one  of  the  thou- 
sands of  insects  of  the  State  which  without  warning  may  become 
suddenly  abundant  and  destructive.  It  is  well  known  that  satisfac- 
tory control  measures  can  not  be  advised  without  at  least  some 
knowledge  of  the  habits  of  the  insect  and  the  more  complete  this  is 
the  more  reliable  the  recommendations. 

The  development  of  collections  requires  adequate  space.  The 
constant  increments  of  recent  years  have  filled  the  boxes  or  trays  to 
such  an  extent  that  there  is  urgent  need  of  more  space  for  this  material. 
The  wooden  cases  containing  the  insect  collections  should  be  replaced 
by  steel  cabinets  and  more  provided  to  accommodate  the  additional 
boxes  and  trays  required.  Biological  material,  specimens  difficult 
to  secure  and  not  easily  preserved  in  a satisfactory  manner  should 
receive  special  attention.  There  are  now  in  the  entomological 
collections  a long  series  of  types  of  species  and  genera.  The  possession 
of  these  uniques  involves  a responsibility  to  future  generations  and 
every  precaution  should  be  adopted  to  maintain  the  integrity  of  the 
collections  if  the  entomological  branch  of  the  Museum  is  to  discharge 
its  full  duty  to  both  State  and  Nation. 

Nursery  inspection.  The  nursery  inspection  work  of  the  State 
Department  of  Farms  and  Markets  has  resulted,  as  in  former  years, 
in  a number  of  specimens  representing  various  stages  of  insect  develop- 
ment, some  in  very  poor  condition,  being  submitted  to  the  Entomolo- 
gist for  identification.  As  such  material  may  originate  in  a foreign 
country,  the  determinations  of  this  character  are  difficult  and  require 
for  their  successful  prosecution  a large  collection  and  an  excellent 
library  of  both  domestic  and  foreign  works.  The  correct  identifica- 
tion of  such  material  is  important  since  the  disposal  of  an^entire 
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shipment  of  nursery  stock  may  be  affected  by  the  character  of  the 
infestation. 

The  entomological  work  has  been  materially  aided  as  in  past  years, 
by  the  identification  of  a number  of  species,  through  the  couitesy  of 
Dr  L.  O.  Howard,  chief  of  the  bureau  of  entomology,  United  States 
Department  of  Agriculture,  and  his  associates.  There  has  been 
very  effective  cooperation  with  the  State  Department  of  Farms  and 
Markets  and  its  agents,  the  county  farm  bureaus,  the  state  experiment 
stations  and  other  public  welfare  organizations.  A number  of  corre- 
spondents have  donated  valuable  specimens  and  many  have  aided 
materially  by  transmitting  local  data  respecting  various  insects  or 
assisted  in  other  ways. 


VIII 


REPORT  OF  THE  ZOOLOGIST 

The  report  of  the  Zoologist  covers  the  fiscal  years  of  1917-18. 
Field  investigation  continued  the  work  of  the  previous  year ; particu- 
larly, the  collection  of  spiders  from  localities  in  the  State  hitherto 
neglected.  Valcour  island,  Lake  Champlain  and  the  region  near  the 
southeast  end  of  Lake  George  yielded  many  species  new  to  the  State 
and  added  much  to  our  knowledge  of  the  distribution  of  other  species. 
Particular  attention  was  given  to  the  study  of  the  genus  Dolomedes 
in  view  of  a revision  of  that  group.  A week  in  October  1917  was 
spent  in  the  vicinity  of  Newcomb,  where  N.  T.  Clarke  and  the 
Zoologist  collected  material  for  a habitat  group  of  beavers.  A large 
female  beaver,  portions  of  a dam  and  “ house  ” and  numerous 
examples  of  “ cuttings  ” were  secured,  which,  with  the  material 
already  in  the  Museum,  are  being  assembled  in  a realistic  manner  in 
the  new  group. 

The  group  when  finished  will  occupy  a case  16  by  11  feet,  open  on 
two  sides  and  exhibiting  in  part  a beaver  “ flow  ,”  part  of  a dam  and 
the  animals  in  positions  suggestive  of  their  activities.  A painted 
semicircular  background  2 5 feet  long  will  continue  the  illusion  of  the 
“ flow  ” into  the  distance  and  give  a typical  Adirondack  setting. 

Several  new  groups  added  during  1917  (woodchuck,  otter  and 
flicker)  were  mentioned  in  the  report  of  the  Director  for  that  year. 
In  1918  a group  of  timber  wolves,  depicting  an  early  winter  hunting 
scene,  was  installed  by  Mr  Henri  Marchand  from  plans  worked  out 
by  the  Zoologist. 

During  the  absence  of  the  Zoologist  in  naval  service  in  1918, 
scientific  investigation  in  the  division  of  zoology  was  necessarily 
curtailed;  nevertheless  a considerable  amount  of  technical  work  was 
carried  on  by  N.  T.  Clarke  in  the  preparation  and  installation  of  an 
extensive  series  of  especially  designed  plaster  mounts  for  the  Benja- 
min W.  Arnold  collection  of  birds’  eggs. 

The  services  of  Mr  Silas  C.  Wheat  of  Brooklyn,  an  accomplished 
conchologist,  were  secured  for  a period  of  several  months  in  1918. 
Mr  Wheat  devoted  himself  to  the  study  and  arrangement  of  part  of 
the  Museum’s  valuable  collection  of  mollusks,  most  of  which  have 
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been  kept  in  storage  because  of  lack  of  exhibiting  space.  The  entire 
collection  of  mollusks  has  recently  been  assembled  in  new  storage 
cases  and  made  available  for  study.  Much  work  still  remains  to  be 
done,  however,  before  the  collection  can  be  considered  properly 
cared  for. 

The  removal  of  the  old  style  cases  from  the  corridors  leading  to 
zoology  hall  being  necessitated  by  the  installation  of  the  Arnold 
collection,  new  wall  cases  were  constructed  for  the  series  of  mounted 
fishes  and  the  entire  exhibit  rearranged  in  zoology  hall  proper.  The 
new  arrangement  admits  of  better  lighting  and  distribution  of  speci- 
mens and  permits  indefinite  expansion  through  the  simple  expedient 
of  continuing  the  cases  around  the  wall. 

Under  the  direction  of  C.  A.  Hartnagel  a set  of  panels  was  con- 
structed which  appropriately  frame  the  series  of  seventy  original 
drawings  of  birds  by  Ernest  Thompson  Seton.  Placed  above  the 
Arnold  collection  of  birds’  eggs  in  the  corridor  leading  to  zoology 
hall  they  contribute  considerable  interest  aside  from  their  decorative 
value. 

The  most  important  additions  made  during  the  period  covered  by 
this  report  were  the  collections  of  birds’  eggs  presented  to  the  State 
Museum  by  Benjamin  W.  Arnold,  of  which  a complete  catalog  is  in 
preparation.  Through  the  courtesy  of  the  United  States  Bureau  of 
Fisheries,  the  State  Museum  has  received  from  the  Fairport,  Iowa, 
Biological  Station  an  exhibit  designed  to  show  the  manufacture  of 
pearl  buttons  from  the  shells  of  fresh- water  bivalve  mollusks. 

Fcr  the  past  several  years  Prof.  C.  R.  Crosby  of  Cornell  University 
and  the  Zoologist  have  given  their  attention  as  time  permitted,  to 
the  study  of  New  York  spiders.  As  a result  considerable  progress  in 
the  preparation  of  a memoir  on  this  group  may  be  reported.  As 
now  planned  the  work  will  embrace  descriptions  of  all  the  species 
known  to  the  State,  particular  attention  being  given  to  the  structure 
of  the  male  palpi  and  epigyna  of  the  females.  Keys  to  families, 
genera  and  species  will,  it  is  hoped,  increase  the  value  of  the  work 
to  students  and  stimulate  investigation.  A series  of  drawings  in 
color  of  many  of  the  species  will  aid  in  the  determination  of  them 
and  illustrate  some  of  the  biological  phenomena  of  variation,  mimicry, 
and  protective  coloration  (see  colored  plate).  Systematic  fieldwork 
has  been  carried  on  in  many  parts  of  the  State  and  extensive  collec- 
tions brought  together.  It  will  be  necessary  to  continue  this  kind  of 
work  for  some  time,  however,  to  cover  the  State  thoroughly  and 
make  the  list  of  species  a representative  one. 


A r a n e it  s t r i f o 1 i u m (Hentz) 
Female  (x2) 
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Araneus  cornu tus  Clerck 
Female  (x2) 


Araneus  stellatus  ( W alckenaer) 
Female  (x2) 


Araneus  trifolium  (Hentz) 
Female  (x2) 


Araneus  marmoreus  Clerck 
Female  (x2) 
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A study  of  the  fossil  mammals  of  the  State  has  been  carried  on  with 
C.  A.  Hartnagel  with  the  view  of  bringing  together  from  the  scattered 
literature  of  the  subject  an  account  of  this  interesting  fauna.  Material 
and  information  is  also  being  accumulated  bearing  on  the  former  and 
present  distribution  of  mammals,  reptiles  and  batrachians  pending  a 
complete  and  exhaustive  survey  of  the  State  biologically. 

The  study  of  the  myriapods  of  New  York,  which  was  intrusted 
some  time  ago  to  Mr  Roy  W.  Miner  of  the  American  Museum  of 
Natural  History,  has  been  interrupted  by  duties  resulting  from  war 
activities  but  is  now  reported  as  in  progress  and  it  is  hoped  that  this 
investigation  of  a group  of  New  York  species  not  heretofore  closely 
studied  may  be  soon  presented  to  the  public. 

The  monograph  of  the  New  York  land  and  fresh- water  mollusca, 
which  has  been  frequently  referred  to  in  previous  annual  reports  as 
in  course  of  preparation  by  Dr  H.  A.  Pilsbry,  is  now  close  to  comple- 
tion, the  drawings  in  color  and  in  black  and  white  having  been  made 
with  great  care  by  Helen  Winchester.  It  is  believed  that  this  memoir, 
when  printed,  will  reawaken  the  interest  in  the  New  York  molluscan 
fauna  which  formerly  was  a subject  of  widespread  concern  to  our 
citizens. 


90 


NEW  YORK  STATE  MUSEUM 


ACCESSIONS  TO  ZOOLOGY  DEPARTMENT  IN  1917 

Donation 

Mollusca 

Bureau  of  Fisheries,  Fairport,  Iowa,  Biological  Station 

Collection  of  fresh-water  shells  and  implements  used  in  the  manufacture  of 
pearl  buttons. 

Yellow  sand-shell,  Lampsilis  anondontoi- 


des Mississippi  river,  Fair- 

port,  Iowa 

Slough  sand-shell,  Lampsilis  fallaciosa....  White  river,  Arkansas 

Higgin’s  eye,  Lampsilis  higginsii Mississippi  river,  Fair- 

port,  Iowa 

Mucket,  Lampsilis  ligamentina Mississippi  river,  Fair- 

port,  Iowa 

Southern  mucket,  Lampsilis  ligamentina 

gibba Cumberland  river, 

Burnside,  Ky. 

Black  sand-shell,  Lampsilis  recta Mississippi  river,  Fair- 

port,  Iowa 

Pocketbook,  Lampsilis  ventricosa Mississippi  river,  Fair- 

port,  Iowa 

Three-ridge,  Quadrula  undulata Baum’s  Ridge,  Kan- 

kakee river 

Niggerhead,  Quadrula  ebenus Mississippi  river,  Fair- 

port,  Iowa 

Pimple-back,  Quadrula  pustulosa Mississippi  river,  Fair- 

port,  Iowa 

Washboard,  Quadrula  heros...... Mississippi  river,  Fair- 

port,  Iowa 

Maple-leaf,  Quadrula  lachrymosa Mississippi  river,  Fair- 

port,  Iowa 

Ohio  River  pig- toe,  Quadrula  obliqua Ohio  river 

Pig- toe,  Quadrula  undata Mississippi  river,  Fair- 

port,  Iowa 

Blue-point,  Quadrula  plicata Mississippi  river,  Fair- 

port,  Iowa 

Monkey-face,  Quadrula  metanevra Mississippi  river,*  Fair- 

port,  Iowa 

Butterfly,  Plagiola  securis Mississippi  river,  Fair- 

port,  Iowa 

Bullhead,  Poeurobema  aesopus Mississippi  river,  Fair- 

port,  Iowa 

Elephant’s  ear,  Unio  crassidens Mississippi  river,  Fair- 

port,  Iowa 
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Lady-finger,  Unio  gibbosus Mississippi  river,  Fair- 

port,  Iowa 

Missouri  niggerhead,  Abovaria  ellipsis Mississippi  river,  Fair- 

port,  Iowa 

Buckhorn,  Tritogonia  tuberculata Mississippi  river,  Fair- 

port,  Iowa 

White  heel-splitter,  Symphynota  complan- 

ata Mississippi  river,  Fair- 

port,  Iowa 

1-2  dozen  18-line  button  saws 

Valves  of  shells  from  which  blanks  have  been  cut 

Blanks:  16,  20,  and  24-line  cut  from  valves;  rough,  unfinished  and  of  varying 
thicknesses 

Blanks,  24-line  ground  or  backed  to  proper  thickness 
Blanks,  24-line,  shaped  on  one  face 

Blanks,  24-line,  with  groove  cut  on  one  side  i.  e.  cat’s  eye  or  fish  eye 

Button  drills  for  making  holes 

Blanks,  24-line,  drilled 

24-line  finished  buttons 

Smoked  buttons;  two  shades  of  smoking 

Novelties  made  from  pieces  of  polished  shells 

Male,  John,  New  Haven,  Conn. 

Six  species  of  shells  and  two  species  of  coral  from  Florida  east  coast 

Baker,  Dr  Smith,  Camden 

A large  collection  of  fresh- water  mollusks  from  various  localities  in  New  York 

McCulloch,  Walter  S.,  Albany 

Seven  specimens  of  tropical  shells  from  the  Bahamas 


Birds  and  Eggs 

Arnold,  Benjamin  W.,  Albany 

The  Benjamin  W.  Arnold  collection  of  North  American,  South  American, 
European,  Falkland  island  and  African  birds’  eggs  numbering  about  1800 
sets,  presented  to  the  New  York  State  Museum  February  1,  1917.  Com- 
plete catalog  in  preparation. 


Lyon,  Dr  T.  L.,  Albany 

No 

Mounted  specimens  of  birds  of  the  following  species:  spec. 

Red-throated  loon,  Gavia  stellata  (Pontoppidan)  Adult  male 1 

Mallard,  Anas  platyrhynchos  Linn.  Adult  male 1 

Flamingo,  Phoenicopterus  ruber  Linn.  Adult  male 1 

Roseate  spoonbill,  A j a i a a j a j a (Linn)  Adult  male 1 

Scarlet  ibis,  Guara  rubra  (Linn)  Adult  male  and  female 2 

Egret,  Herodias  egretta  (Gmelin)  Adult  female 1 

Osprey,  Pandion  haliaetus  carolinensis  (Gmelin)  Adult  male.  1 

Barn  owl,  Aluco  pratincola  (Bonaparte)  Adult  male 1 

Great  homed  owl,  Bubo  virginianus  (Gmelin)  Adult  female.  . . 1 
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Purple  martin,  Prognesubis  (Linn)  Immature i 

Cliff  swallow,  Petrochelidon  lunifrons  (Say)  Adult  male.. . i 
Barn  swallow,  Hirundo  erythrogastra  Boddaert  Adult  male  i 
Tree  swallow,  Iridoprocne  bicolor  (Vieillot)  Adult  male ....  i 
Bank  swallow,  Riparia  riparia  (Linn)  Adult  male I 

Birds’  Eggs 

Number 

Ostrich 5 

Rhea I 

Cassowary 7 

Introduced  Birds 

Amherst  pheasant,  Chrysolophus  amherstiae  Adult  male.  1 

Fire-back  pheasant,  Lophura  nobilis  Adult  male 1 

Gray  jungle  fowl,  Gallus  sonnerati  Temm.  Adult  male 1 

Boyd,  Harold,  Rensselaer 

Green  heron,  Butorides  virescens  virescens  (Linn)  Adult 
female 1 

Haner,  Robert  B.,  Albany 

Scarlet  tanager,  Piranga  erythromelas  Vieillot  Male 1 

Seymour,  May,  Lake  Placid 

Cedar  waxwing,  Bomby  cilia  cedrorum  Vieillot  Female 5 

Slattery,  Hugh,  Albany 

Pied-billed  grebe,  Podilymbus  podiceps  (Linn)  Male 1 

Ritchey,  R.  H.,  Albany 

Song  sparrow,  Melospiza  melodia  melodia  (Wilson) 

Nests  and  eggs ! 2 

Mesick,  Mrs  Sarah,  Albany 

Baltimore  oriole,  Icterus  galbula  (Linn)  Adult  male 1 

Scarlet  tanager,  Piranga  erythromelas  Vieillot  Adult  male 1 

Cedar  waxwing,  Bomby  cilia  cedrorum  Vieillot  Adult  male. . . . 1 

Myrtle  warbler,  Dendroica  coronata  (Linn)  Adult  male 1 

Bay-breasted  warbler,  Dendroica  castanea  (Wilson)  Adult 

male 1 

Blackburnian  warbler,  Dendroica  fusca  (Muller)  Male 1 

Maryland  yellow-throat,  Geothlypis  trichas  trichas  (Linn) 
Male 1 

Collection 

Birds 


Clarke,  N.  T.  and  Bishop,  S.  C.,  Albany 
Flicker,  Colaptes  auratus  auratus  (Linn)  Nest  and  5 young 
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Donation 

Mammals 

Andrews,  Edward,  South  Bristol 

Coyote,  Canis  latrans  Say  Adult  male 1 

First  specimen  of  coyote  recorded  from  New  York  State.  Shot  by  Mr 
Andrews  on  Gannet  Hill,  South  Bristol,  N.  Y.,  Dec.  14,  1916  and  presented  by 
him  to  the  State  Museum. 

Lyon,  Dr  T.  L.,  Albany 

Gray  fox,  Urocyon  cinereoargenteus  cinereoargenteus 


(Schreber)  Skull 1 

Winters,  Oscar,  Nassau 

Muskrat,  Ondatra  zibethica  (Linn)  Skull 1 


Collection 

Mammals 


Andrews,  Edward,  South  Bristol,  and  Bishop,  S.  C.,  Albany 

Northeastern  gray  squirrel,  Sciurus  carolinensis  leucotis 

(Gapper)  Male 1 

Clarke,  N.  T.  and  Bishop,  S.  C.,  Albany 

Beaver,  Castor  canadensis  Kuhl.,  Newcomb  river,  Essex  county, 

N.  Y.  Female 1 

Bishop,  S.  C.,  Albany 

Large  blarina,  Blarina  brevicauda  (Say)  Lake  George,  N.  Y. . . . 1 


Donation 

Fishes 

Lyon,  Dr  T.  L.,  Albany 

Mounted  fishes 13 

Conservation  Commission,  Albany 

White  fish,  Coregonus  quadrilateralis  Rich 1 


Collection 

Fishes 

Long-eared  sunfish,  Lepomis  auritus  (Linn) 1 

Sunfish,  Eupomis  gibbosus  (Linn) 1 

Taken  in  Lake  George,  N.  Y. ; S.  C.  Bishop,  Coll. 


Donation 

Reptiles 

Greer,  John,  Albany 

Spotted  turtle,  Clemmys  guttata  (Schneider)  Male 1 

Gates,  Mrs  Clara  F.,  South  Nyack-on-Hudson 

Black  snake,  Coluber  constrictor  constrictor  (Linn) ...  1 
Copperhead,  Agkistrodon  mokasen  Beauvois 1 
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Donor  unknown.  Specimens  from  McAllen,  Texas 

Horned  toad,  Phrynosoma  cornutum  (Harlan) i 

Lizard  sp i 

Cord,  Dr  Lester  F.,  Albany 

Alligator,  Alligator  mississipiensis  (Daudin)  Florida i 

Lyon,  Dr  T.  L.,  Albany 

Alligator,  Alligator  mississipiensis  (Daudin)  Florida 3 

Purchase 

Reptiles  and  Amphibians 

Ward’s  Natural  Science  Establishment,  Rochester 
Plaster  casts  of  turtles  and  salamanders 

Diamond-back  terrapin,  Malaclemys  centrata  (Latreille) 1 

Wood-turtle,  Clemmys  insculpta  (Le  Conte) % 1 

Musk-turtle,  Kinosternon  odoratum  (Latreille) 1 

Slimy  salamander,  Plethodon  glutinosus  (Green) 1 

Collection 

Reptiles  and  Amphibians 

Bishop,  S.  C.,  Albany 

Specimens  collected  at  Lake  George,  N.  Y.,  July  and  August,  1917 

Smooth  green  snake,  Liopeltis  vernalis  (Harlan) 1 

Garter-snake,  Thamnopsis  sirtalis  sirtalis  (Linn) 1 

Green  frog,  Rana  clamitans  Lat 2 

Pickerel  frog,  Rana  palustris  Le  Conte 1 

Peeper,  Hyla  crucifer  Wied I 

Four-toed  salamander,  Hemidactylium  scutatum  (Schlegel) . . 1 
Newcomb,  N.  Y. 

Dusky  salamander,  Plethodon  cine  reus  (Green) I 

Donation 

Invertebrates 

Clarke,  Dr  John  M.,  Albany 

Star-fish,  Henricia  sanguinolenta  (Muller) 1 

Gates,  Mrs  Clara  F.,  South  Nyack-on-Hudson 

Squid,  Loligo  pealii  (Les) 1 

Araneida 

Bullion,  John,  Hudson  Falls 

Araneus  stellatus  (Walckenaer)  Adult  female 1 

Vitting,  A.,  Albany 

Salticus  scenicus  (Clerck)  Adult  female 1 

Young,  D.  B.,  Albany 

Dictyna  sublata  (Hentz)  Immature  female 1 
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Hartman,  Miss  F.  T.,  Albany 

Clubiona  emertoni  (Petrunkevitch)  From  Colorado 1 

Clarke,  Mrs  John  M.,  Albany 

Araneus  trifolium  candicans  (McCook)  Adult  female 1 

Lansing,  H.  A.,  Menands 

Argiope  aurantia  Lucas  Adult  female 1 

Collection 

Araneida 

Bishop,  S.  C.,  Albany 

Araneus  arabescus  (Walckenaer)  Adult  female 1 

A r a n e u s m a r m o r e u s Clerck.  Adult  female 1 

Araneus  pratensis  (Hentz)  Adult  female 1 

From  Rensselaer,  N.  Y. 

Pardosa  xerampelina  (Keyserling)  Males  and  females 3 

Araneus  marmoreus  Clerck.  Males  and  females 4 

Araneus  trifolium  (Hentz)  Females  and  egg  cases 4 

Argiope  aurantia  Lucas  Females  and  egg  cases 3 

Argiope  trifasciata  (Forskal)  Females 2 

From  Lake  George,  N.  Y.  Number  of  vials 

Theridion  murarium  Emerton 2 

Dendryphantes  mccooki  (Peckham) 1 

Amaurobius  bennetti  (Blackwall) 1 

Araneus  patagiatus  Clerck 1 

Araneus  arabescus  (Walckenaer) 2 

Tetragnatha  elongata  Walckenaer 1 

Habrocestum  pulex  (Hentz) 1 

Xysticus  elegans  Keyserling 2 

Drassodes  neglectus  (Keyserling) 1 

Gnaphosa  gigantea  Keyserling 1 

Cesonia  bilineata  (Hentz) 1 

Agelena  naevia  Walckenaer 1 

Dolomedes  fontanus  Emerton 7 

Clubiona  obesa  Hentz. 1 

Lycosa  gulosa  Walckenaer 1 

Lycosa  frondicola  Emerton 3 

Lycosa  helluo  Walckenaer 1 

Lycosa  aspersa  Hentz 1 

From  Valcour  island,  Lake  Champlain.  List  of  species 
Hyptiotes  cavatus  (Hentz) 

Amaurobius  bennetti  (Blackwall) 

Dictyna  volucripes  Keyserling 
Scotolathys  pallida  (Marx) 

Cesonia  bilineata  (Hentz) 

Dipoena  nigra  (Emerton) 

Euryopis  funebris  (Hentz) 
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Steatoda  borealis  (Hentz) 

Theridion  differens  Emerton 
Theridion  frondeum  Hentz 
Theridion  spirale  Emerton 
Theridion  tepidariorum  C.  Koch 
Ceratinella  brunnea  Emerton 
Ceraticelus  fissiceps  (Cambridge) 
Ceraticelus  laetabilis  (Cambridge) 
Grammonota  pictilis  (Cambridge) 
Linyphia  marginata  C.  Koch 
Linyphia  phrygiana  C.  Koch 
Araneus  arabescus  (Walckenaer) 

Araneus  benjaminus  (Walckenaer) 
Araneus  cornutus  Clerck 
Araneus  patagiatus  Clerck 
Araneus  trifolium  (Hentz) 

Argiope  aurantia  Lucas 
Argiope  trifasciata  (Forskal) 

Cyclosa  conica  (Pallas) 

Mangora  gibberosa  (Hentz) 

Meta  menardi  (Latreille) 

Tetragnatha  elongata  Walckenaer 
Tetragnatha  extensa  (Linn) 
Tetragnatha  laboriosa  Hentz 
Misumena  vatia  (Clerck) 

Philodromus  exilis  Banks 
Philodromus  pernix  Blackwall 
Thanatus  coloradensis  Keyserling 
Tibellus  oblongus  (Walckenaer) 

Xysticus  versicolor  (Keyserling) 
Castaneira  descripta  (Hentz) 

Agelena  naevia  Walckenaer 
Cicurina  brevis  (Emerton) 

Cicurnia  pallida  Keyserling 
Phrurolithus  sp. 

Coelotes  calcaratus  Keyserling 
Coelotes  montanus  Emerton 
Coras  medicinalis  (Hentz) 

Dolomedes  fontanus  Emerton 
Dolomedes  tenebrosus  Hentz 
Lycosa  frondicola  Emerton 
Lycosa  pratensis  Emerton 
Pardosa  lapidicina  Emerton 
Dendryphantes  marginatus  (Walckenaer) 
Evarcha  hoyi  (Peckham) 

Habrocestum  pulex  (Hentz) 

Neon  nellii  Peckham 
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ACCESSIONS  TO  ZOOLOGY  DEPARTMENT  DURING  1918 


Donation 

Mollusca  Number 

Wheat,  Silas  C.,  Brooklyn  specimens 

Anodonta  implicata  Say;  Park  Lake,  Brooklyn,  N.  Y 1 

Littorina  littorea  Linn;  Jamaica  Bay 6 

Alectrion  trivittata  Say;  Bayville 6 

Eupleura  caudata  Say;  Bayville 6 


Hemimactra  daytoni  Wheat ; Raritan  Bay  off  Staten  Island ....  6 

Reptiles  and  Amphibians 

Ward’s  Natural  Science  Establishment,  Rochester 

Map-turtle,  Graptemys  geographica  (Le  Sueur)  from  Ironde- 

quoit  bay,  N.  Y 1 

Cook,  A.  W.,  Albany 

Tree  toad,  sp.  From  Havana,  Cuba.  Found  in  a bunch  of  bananas, 


July  1918. 

Birds 

Stupp,  Frederick  J.,  Auburn 

Black  vulture,  Catharista  urubu  (Vieillot)  Adult  male 1 

Captured  in  the  town  of  Victory,  Cayuga  county,  April  11,  1911 
Donor  unknown 

Barred  owl,  Strix  varia  varia  Barton.  Adult  female 1 

Taken  in  Albany  county,  November  20,  1918 
Platt,  Francis  B.,  Elsmere 

Great  horned  owl,  Bubo  virginianus  virginianus  (Gmelin) 

Adult  female 1 

Taken  at  Feura  Bush,  November  22,  1918 

Lynam,  Mrs  H.  D.,  Troy 


Cardinal,  Cardinalis  cardinalis  cardinalis  (Linn)  Female  1 

Purchase 

Birds 

Watts,  E.  A.,  Canandaigua 

Barn  owl,  Aluco  pratincola  (Bonaparte) 1 

Long-eared  owl,  Asio  wilsonianus  (Lesson) 1 

Short-eared  owl,  Asio  flammeus  (Pontoppidan) 1 

Barred  owl,  Strix  varia  varia  Barton 1 

Great  gray  owl,  Scotiaptex  nebulosa  nebulosa  (J.R.  Forster)  1 
Saw-whet  owl,  Cryptoglaux  acadica  acadica  (Gmelin) ....  1 

Screech  owl,  Otus  asio  asio  (Linn) 1 

Great  homed  owl,  Bubo  virginianus  virginianus  (Gmelin)  1 
All  specimens  taken  in  the  vicinity  of  Canandaigua. 
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Barker,  Fred,  Parker’s  Prairie,  Minn. 

Mounted  specimens  of  the  following  species: 

Black  tern,  Hydrochelidon  nigra  surinamensis  (Gmelin) 

Adult  male  and  immature  male 2 

Cooper’s  hawk,  Accipiter  cooperi  (Bonaparte)  Immature  female  1 
Northern  pileated  woodpecker,  Phoeotomus  pileatus  abieti- 

c o 1 a (Bangs)  Adult,  male  and  female 2 

Magnolia  warbler,  Dendroica  magnolia  (Wilson)  Adult  male . 1 
Pipit,  Anthus  rubescens  (Tunstall)  Adult  male 1 

Donation 

Mammals 

Van  Slyke,  Bronk,  Ravena 

Woodchuck,  Ma  rmota  monax  rufescens  Howell.  Black  phase . 1 
Liske,  Charles  J.,  West  Coxsackie 

Woodchuck,  Marmota  monax  rufescens  Howell.  Albino 1 

Slater,  Leland  S.,  Cairo 

Red  squirrel,  Sciurus  hudsonicus  (Erxleben)  Albino.  Imma- 


ture male 1 

Goldring,  Winifred,  Slingerlands 

Mouse,  Mus  musculus  musculus  Linn.  Albino 1 

Captured  in  State  Education  Building,  Albany 


Little  brown  bat,  Myotis  lucifugus  lucifugus  (Le  Conte) ...  2 


Purchase 

Mammals 

Horne’s  Zoological  Arena  Co.,  Kansas  City,  Mo. 

Timber  wolves,  Canis  occidentalis  (Richardson)  Adult  pair 

and  six  half  grown  young  from  Montana 8 

Ward’s  Natural  Science  Establishment,  Rochester 

Beaver,  Castor  canadensis  canadensis  Kuhl.  Two  adult, 
two  half  grown  and  two  young 6 
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REPORT  OF  THE  ARCHEOLOGIST  AND  ETHNOLOGIST 

The  activities  of  this  section  of  the  Museum  are  subdivided  into 
those  of  the  office,  the  field,  the  museum  and  public  service.  The 
routine  work  in  the  office  consists  of  the  care  and  cataloging  of  collec- 
tions, answering  correspondence,  studying  specimens  and  preparing 
reports  and  bulletins.  This  work  in  itself  is  arduous  and  requires 
constant  effort  to  perform  with  satisfaction.  Field  work  consists  of 
examining  sites,  excavating  sites  and  in  making  studies  of  the  Indians 
still  living  within  our  borders.  From  the  living  Indians  we  obtain 
specimens  of  their  native  arts  and  material  that  illustrates  their 
ceremonies  and  industrial  activities,  all  aboriginal  in  origin  and 
nature.  Museum  work  is  that  of  caring  for  the  collections,  preparing 
new  exhibitions,  and  in  adding  to  our  store  of  archeological  and 
ethnological  material.  By  public  service  we  mean  the  information 
and  suggestions  that  we  constantly  are  supplying  to  federal  and 
state  departments,  to  organizations  and  specialists  and  to  individuals. 
Under  special  headings  in  this  report  the  nature  of  some  of  this  public 
service  is  briefly  described. 

We  have  from  time  to  time  reported  incasing  interest  of  the 
public  in  this  section  of  the  Museum,  and  we  are  glad  to  restate  this 
fact.  During  the  year  just  passed  this  interest  has  so  greatly  en- 
larged that  we  feel  that  the  section  has  not  only  the  support  of  those 
who  think  along  purely  scientific  lines  but  that  of  the  general  public. 
This  is  in  keeping  with  the  policy  of  the  Museum  to  make  each  divi- 
sion and  section  of  direct  as  well  as  indirect  benefit  to  the  people  of 
the  State. 

Publications.  During  the  year  just  passed  we  have  completed 
the  manuscript  copy  of  “ The  Archeological  History  of  New  York.” 
To  complete  this  work  it  has  been  necessary  to  make  a reexamination 
of  many  parts  of  the  State  and  to  check  and  to  verify  reports  of  the 
several  thousand  sites  of  aboriginal  occupation  within  this  State. 
All  the  museums  of  the  State  were  visited  and  the  collections  studied. 
Through  these  studies  we  have  not  only  been  able  to  prepare  maps  of 
the  various  sites,  individually  and  by  counties,  but  to  sift  the  evi- 
dences of  occupation.  The  “ Archeological  History  of  New  York  ” 
will  contain  fairly  full  accounts  of  the  various  cultures  that  we  have 

[99] 


4 


100 


NEW  YORK  STATE  MUSEUM 


determined  by  archeological  evidences,  records  of  the  excavations 
in  typical  sites,  descriptions  of  the  implements  and  utensils  of  the 
aborigines  and  an  encyclopedic  section  dealing  with  various  archeolog- 
ical topics.  The  task  of  procuring  photographs  has  been  a lengthy 
one.  More  than  one  hundred  full  page  plates  will  be  used  by  way  of 
illustration.  This  bulletin  is  designed  to  be  a general  handbook  on 
New  York  archeology  and  it  has  been  written  for  the  amateur  student 
as  well  as  for  those  with  more  professional  interests. 

The  Dewey  collection.  During  the  year  the  Museum  acquired 
the  collection  of  archeological  specimens  made  by  Alvin  H.  Dewey 
of  Rochester.  The  collection  came  to  us  as  the  gift  of  Mrs  Frederick 
F.  Thompson,  to  whose  beneficence  the  Museum  owes  several  of 
its  most  striking  exhibits. 

Mr  Dewey  specialized  in  material  from  the  counties  of  Monroe, 
Genesee,  Ontario  and  Livingston.  Every  specimen  was  numbered 
and  its  history  recorded  in  a card  index.  Of  all  the  collections  that 
have  come  from  private  hands  to  the  Museum  this  one  is  the  most 
accurately  cataloged.  This  fact  as  well  as  the  quality  of  the  speci- 
mens has  made  it  a pleasant  task  to  fit  the  collection  into  our  plan  of 
exhibition. 

The  material  in  this  collection  is  that  obtained  by  Mr  Dewey 
personally  or  by  excavators  and  collectors  working  under  his  direction. 
The  principal  sites  represented  are  Bergen,  Stafford  and  LeRoy, 
Genesee  county;  Irondequoit  bay,  Rush,  Honeoye  Falls  and  Brighton, 
Monroe  county;  Avon,  Lima,  Geneseo  and  Caledonia,  Livingston 
county;  Victor,  West  Bloomfield,  Holcomb,  Canandaigua,  Richmond 
Mills  and  Honeoye  lake,  Ontario  county. 

The  exploration  of  the  principal  sites,  and  many  of  those  of  minor 
importance,  in  the  area  mentioned,  represents  about  ten  years’ 
field  work.  The  observations  of  the  collector  and  of  others  who 
have  examined  the  area  and  the  specimens  show  that  the  region  was 
occupied  at  a comparatively  early  time  and  that  numerous  tribes 
and  bands  have  swept  over  it,  some  staying  longer  than  others. 
The  difference  between  sites  and  the  artifacts  found  in  them  is 
striking.  The  differences  are  so  great  in  many  instances  as  to  make 
certain  the  wide  differences  in  the  type  of  culture  represented.  The 
Dewey  collection  contains  specimens  from  sites  showing  character- 
istics that  differentiate  them  from  those  of  any  identified  culture. 
Other  sites  may  with  varying  degrees  of  certainty  be  attributed  to 
known  cultures;  thus,  we  may  point  out  sites  that  are  Eskimo-like, 
Algonkian,  Mound  Builder  and  Iroquoian.  In  some  instances 
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Feather  wands  used  in  the  Bird  dance.  Cattaraugus  Seneca,  1919. 
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Masks  of  the  False  Face  Company.  i Tonawanda  Seneca;  2 Cattaraugus  Seneca. 
Both  are  more  than  a century  old. 
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different  stages  or  periods  of  definite  occupation  may  be  noticed. 
For  example,  we  are  able  to  trace  the  Iroquoian  from  prehistoric  to 
recent  times  and  note  the  shifting  of  art  motives  and  the  acquisition 
of  new  forms  as  well  as  the  disappearance  of  older  ones. 

The  Dewey  collection  contains  a number  of  especially  fine  polished 
slate  articles  from  the  lower  valley  of  the  Genesee.  Among  these 
may  be  mentioned  semilunar  knives,  gorgets,  bird  stones,  banner 
stones,  pendants,  boat  stones  and  other  problematicals.  Numerous 
specimens  in  this  collection  have  been  used  in  illustrating  articles  on 
New  York  archeology. 

The  semilunar  knives  are  especially  fine  specimens.  One,  some- 
what smaller  than  the  rest,  is  of  black  slate  and  has  a limestone 
inclusion  that  spreads  out  in  a quaint  oriental  pattern.  The  maker  of 
the  implement  seems  to  have  preserved  this  marking  for  its  decorative 
effect.  These  implements  came  from  sites  that  resemble  those  of 
the  Eskimo.  The  arrow  points  associated  with  them  are  broad. 
Hammerstones  are  found  with  them,  some  soapstone  pottery,  but 
no  bone  and  no  clay  pottery. 

Among  the  material  of  the  later  period  are  a dozen  or  more  pipes. 
These  are  principally  Iroquoian,  though  there  are  one  or  two  that 
come  from  Mound  Building  sites.  The  effigy  pipes  from  Iroquoian 
sites  are  typical  in  motive  though  some  of  them  are  unique.  One 
pipe  has  modeled  upon  it  two  heads,  one  male  and  the  other  female. 
The  form  is  the  triangular  hooded  face.  Other  pipes  are  the  familiar 
ringed  bowl  and  the  serpent  pipe.  One  pottery  vessel  in  the  collec- 
tion came  from  the  Marsh  site  at  East  Bloomfield.  This  site  is  that 
of  Gandaguare,  the  village  of  the  captive  Neutral  and  Huron  Indians. 
It  has  four  upturned  corners  and  its  outer  surface  is  decorated. 

For  the  purpose  of  preserving  his  specimens  Mr  Dewey  had  many 
of  the  finer  objects,  including  some  that  were  fragile,  framed  in  deep 
mounts  that  held  the  specimens  away  from  the  cover  glass.  One  of 
these  frames  is  shown  in  one  of  the  accompanying  plates.  The  ob- 
jects came  from  the  John  Dann  site  near  Honeoye  Falls.  The  comb 
in  the  center  is  unbroken,  in  this  respect  being  quite  unusual. 

The  value  of  this  collection  lies  in  its  wealth  of  type  specimens 
from  a definite  locality.  The  careful  manner  in  which  it  is  cataloged 
preserves  the  record  of  each  specimen  and  lends  added  value  to  the 
collection  from  a scientific  and  historical  standpoint. 

Other  acquisitions.  Several  smaller  collections  have  been  added 
to  our  accessions,  both  by  gift  and  by  purchase.  We  have  been 
especially  fortunate  in  the  field  in  both  the  departments  of  archeology 
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and  ethnology.  During  the  winter  months  of  1918-19  a number 
of  exceptionally  fine  ethnological  articles  were  acquired  from  the 
Indians  on  the  Tonawanda  and  the  Cattaraugus  reservations. 

At  Cattaraugus  reservation  during  the  midwinter  ceremony  in 
January  1919,  an  almost  complete  set  of  the  paraphernalia  of  the 
Medicine  Lodge  was  collected,  including  a flute,  medicine  bag,  knot 
cup  and  feast  ladle.  Other  unique  articles  were  bird  dance  wands 
with  eagle  feathers  having  the  handles  decorated  with  quilled  orna- 
mentation. 

One  of  the  finest  small  collections  found  on  the  reservations  was 
that  in  possession  of  an  elderly  Indian  woman  at  Tonawanda.  All 
the  specimens  are  old  and  were  made  and  used  by  the  Seneca  during 
the  early  years  of  last  century.  The  articles  include  a rare  wood 
mask,  a very  fine  baby  cradle  board,  a beaded  sash,  husk  trays, 
strands  of  wampum,  beaded  cradle  board  wrappings,  wooden  dolls, 
game  javelins,  and  wooden  spoons.  (Presented  by  Mrs  Frederick 
F.  Thompson). 

Of  considerable  importance  to  our  Museum  is  a mound  pot  found 
in  a small  burial  mound  near  Vandalia  on  the  Allegany  river.  This 
vessel,  though  entire  when  found,  was  broken  slightly  by  the  finder. 
It  has  been  restored  so  that  for  all  purposes  it  is  as  good  as  perfect. 
It  is  the  only  complete  mound  pot  from  the  State  of  which  we  have 
any  record. 

A small  wampum  belt  was  presented  by  the  estate  of  Mrs  Abraham 
Lansing.  It  is  reported  to  have  been  one  of  the  belts  used  at  the 
treaty  of  Fort  Stanwix.  The  belt  is  49  centimeters  in  length  and 
7 beads  or  5 centimenters  wide.  The  decoration  consists  of  three 
•purple  bars  on  a field  of  white  beads. 

Cooperation  with  federal  and  state  departments.  This  division 
of  the  Museum  has  grown  to  be  a repository  of  information  not  only 
concerning  the  archeology,  ethnology  and  history  of  the  New  York 
aborigines,  but  also  concerning  the  present  condition  and  legal 
status  of  the  Indians  of  this  State.  This  is  of  value  and  of  impor- 
tance to  the  people  of  the  State  and  to  the  various  administrative 
departments. 

We  have  frequently  supplied  information,  opinions  and  copies 
of  treaties  to  the  Attorney  General’s  office,  in  connection  with 
matters  that  have  come  before  his  office  for  review  or  opinion. 
Anticipating  requests  of  this  kind  we  have  taken  occasion  to  keep 
on  file  such  books  and  documents  as  may  be  of  service.  During 
the  progress  of  the  war  we  were  called  upon  for  information  and 
for  opinions  respecting  the  legal  status  of  the  Indians  of  the  State, 
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Bone  articles  revealing  the  process  of  making  fish  hooks.  From  Richmond 
Mills.  Dewey  collection. 
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Frame  containing  grave  finds  from  Honeoye  Falls.  Dewey  collection 
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Antler  and  tooth  ornaments  from  the  Dewey  collection 
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i Pottery  bowl  from  a mound  at  Vandalia.  2 Pottery  bowl  from  a grave  on  the  Marsh  farm,  East  Bloomfield. 
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by  the  Adjutant  General’s  office,  and  supplied  him  with  briefs  and 
documents  setting  forth  the  position  of  the  Indians  with  respect  to 
the  draft  act.  Later  for  the  federal  selective  service  bureau,  we 
supplied  information  and  devised  plans  for  the  notification  of  the 
Indians  of.  the  State  of  the  necessity  of  registration.  This  service 
was  rendered  for  the  three  periods  of  registration.  In  order  to 
see  that  the  registration  was  properly  conducted  and  that  the  Indians 
responded,  the  Archeologist  was  appointed  inspector  of  the  draft 
boards  of  the  counties  of  Chautauqua,  Erie,  Cattaraugus,  Genesee, 
Niagara,  Onondaga,  Oneida,  Franklin  and  St  Lawrence.  • 

Certain  other  services  have  been  rendered  to  the  State  Health 
Department,  especially  in  the  matter  of  supplying  information  as 
to  the  sanitary  and  health  conditions  of  the  various  Indian  reser 
vations.  In  behalf  of  the  Indians  and  at  their  request  their  needs 
have  been  brought  to  the  attention  of  the  Attorney  General’s  office, 
the  Governor,  the  Charities  Department,  the  Agricultural  Depart- 
ment, and  the  Education  Department.  This  division  constantly 
cooperates,  in  matters  which  concern  the  subjects  of  archeology, 
ethnology,  colonial  history,  and  present-day  Indian  affairs,  with 
the  various  divisions  of  the  Education  Department,  particularly 
the  State  Librarian,  the  State  Historian  and  the  Examinations 
and  Inspections  Division. 

Requests  from  Indians.  The  information  available  in  this  division 
has  made  it  the  source  of  relief  to  the  various  Indian  tribes  still 
living  within  the  State,  especially  when  data  on  historical  subjects 
are  needed.  We  have  been  prompt  to  supply  these  inquirers  with 
the  best  advice  and  the  most  reliable  information  within  our  ability 
to  give.  Our  publications  and  our  exhibits  are  also  used  by  the 
Indians  as  authentic  guides  in  tribal  matters.  Not  only  the  Indians 
of  our  State,  but  those  of  other  states  and  of  the  Canadian  provinces 
seek  information  here.  For  help  given  the  Mohawks  of  the  Bay  of 
Quinte,  the  Archeologist  has  been  given  membership  in  the  tribe 
and  appointed  the  representative  of  it  in  the  United  States. 

A notable  adoption  ceremony.  It  has  been  thirty  years  since 
the  Seneca  Indians  have  held  a notable  adoption  ceremony  in  which 
large  numbers  of  the  people  participated.  On  June  22,  1918  some 
of  the  Senecas  decided  to  hold  such  a ceremony  and  to  adopt  Mr 
George  K.  Staples  and  Mr  George  L.  Tucker,  both  of  Buffalo.  Mr 
Staples  and  his  ancestors  for  many  years  have  been  interested  in  the 
welfare  of  the  Seneca  Indians  of  western  New  York  and  were  among 
the  Quaker  pioneers  who  befriended  the  red  men  in  time  of  dire  need. 
Mr  Tucker  is  an  archeologist  and  student  of  the  Iroquois  and  par- 
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ticularly  the  friend  of  the  Indian  children.  It  was  decided  to  make 
Mr  Tucker  a member  of  the  Bear  clan  and  take  him  into  the  family 
of  William  Tallchief.  Mr  Staples  was  selected  by  the  Turtles  and 
made  a candidate  for  membersip  in  the  Turtle  family  of  David 
George.  There  were  elaborate  ceremonies  at  the  Thomas  Indian 
School,  and  despite  the  heavy  rain,  there  was  a large  attendance. 
Many  prominent  persons  from  the  nearby  region  were  present  and 
numerous  well-known  men  and  women  came  from  Buffalo.  The 
initiatory  ceremony  consisted  of  a pageant  descriptive  of  the  methods 
by  which  the  Indians  had  become  transformed  from  their  original 
condition  to  that  of  civilization.  Later  the  ancient  adoption  rite 
was  performed  by  Chief  David  George.  In  all  the  previous  cere- 
monies there  had  been  three  candidates.  To  the  surprise  of  the 
venerable  missionary,  the  Rev.  J.  Emory  Fisher,  he  was  called  to 
the  rostrum,  given  the  oath  of  friendship  and  allegiance  to  the  Senecas, 
and  adopted  with  Messrs  Staples  and  Tucker.  At  the  close  of  the 
ceremony  Mr  Tucker  distributed  a large  number  of  presents  to  the 
assemblage,  providing  every  Indian  man,  woman  and  child  with  a 
suitable  gift.  Newspaper  men  and  photographers  made  records  and 
photographs  of  the  ceremony  and  a moving  picture  concern  made  a 
film  in  order  to  preserve  in  a pictorial  way  some  of  the  episodes.  The 
Archeologist  was  present  and  made  full  notes  for  preservation  in  the 
archives  of  the  Museum. 

Death  of  Chief  Edward  Cornplanter.  During  the  month  of  June 
1918,  Edward  Cornplanter,  or  So-son-do-wa,  for  many  years  an 
authority  on  ceremonial  matters,  passed  away.  He  was  in  many 
respects  a remarkable  man  and  his  knowledge  of  the  ancient  rites  of 
the  Seneca  brought  him  not  only  a widespread  acquaintance  with  all 
the  various  branches  of  the  Iroquois  in  New  York  and  Canada,  but 
brought  to  his  home  numerous  students  of  ethnology.  Cornplanter 
was  the  friend  of  the  State  Museum  and  cooperated  with  it  in  many 
important  attempts.  It  was  he  who  supplied  the  text  of  Bulletin 
163,  “ The  Code  of  Handsome  Lake,”  much  information  on  the  sub- 
ject of  maize  and  other  plant  foods,  and  many  of  the  myths  and  tales 
now  among  our  accessions.  Jesse  Cornplanter,  his  son,  made  the 
native  drawings  for  Bulletins  125,  144  and  163.  About  three  years 
ago  Cornplanter  became  ill  and  soon  became  an  invalid.  At  first  no 
grave  consequences  were  anticipated  and  thus  his  son  Jesse  joined 
the  colors  of  the  national  guard  as  a volunteer  and  early  went  to 
France  where  he  served  as  a corporal.  Jesse  could  not  return  to 
care  for  his  father  nor  could  he  attend  the  funeral.  Soon  after 
Cornplanter’ s death  his  wife  Nancy  became  a victim  of  the  influenza 
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epidemic,  all  the  children  and  grandchildren  died  save  one  married 
daughter,  and  two  little  grandchildren.  Of  the  large  Cornplanter 
family  that  Corporal  Jesse  Cornplanter  left,  only  one  sister  will  greet 
his  return,  and  there  will  be  two  destitute  children  of  a dead  sister  to 
care  for.  This  is  a tragedy  in  peaceful  America  that  a returning 
Seneca  warrior  must  face. 

The  Lewis  Henry  Morgan  centennial.  The  year  1918  marked  the 
centennial  anniversary  of  the  birth  of  Lewis  Henry  Morgan.  Mor- 
gan’s achievements  as  an  ethnologist  at  a time  when  there  was  no 
organized  science  known  as  ethnology,  entitle  him  to  grateful  recog- 
nition. Through  his  study  of  the  New  York  Iroquois  he  laid  the 
basis  of  a life  work  that  resulted  in  the  publication  of  numerous 
papers,  reports  and  volumes  dealing  with  Indian  topics.  His  first 
great  work,  “ The  League  of  the  Iroquois  ” was  the  first  systematic 
account  of  an  Indian  tribe  ever  published  and  an  estimate  of  its 
importance  in  later  years  has  given  to  Morgan  the  title,  “ the  father 
of  American  anthropology.” 

Mr  Morgan  in  1849,  through  the  aid  of  James  Hall,  State  Geologist, 
was  commissioned  by  the  Regents  to  make  a systematic  collection 
of  Iroquois  ethnological  material.  This  Morgan  did,  collecting  his 
material  not  as  former  collectors  had  done,  merely  as  curious  examples 
of  native  art,  but  in  so  thorough  a manner  that  his  collection,  once 
■arranged,  illustrated  the  raw  materials,  the  processes  of  manufacture 
and  the  varieties  of  the  finished  products  of  the  tribes  he  studied. 
Morgan  seems  to  have  been  the  first  to  recognize  the  value  of  detailed 
studies  of  the  material  culture  of  a people.  He  looked  at  the  culture 
as  a concrete  whole,  to  be  understood  only  by  an  examination  of  all 
its  constituent  parts.  Morgan  communicated  his  reports  to  the 
State  Museum  in  the  second,  third  and  fifth  reports  of  the  Museum, 
and  these  were  the  first  scientific  papers  of  notable  merit  thus  pub- 
lished. Some  of  Morgan’s  later  works  were,  “ Systems  of  Consan- 
guinity and  Affinity  of  the  Human  Family,”  Smithsonian  Contri- 
butions, volume  17  (1871);  “Ancient  Society,”  Henry  Holt  (1877); 
“ Houses  and  House  Life  of  the  American  Aborigines,”  volume  4 of 
the  United  States  Geological  Survey  (1881). 

Some  of  these  have  been  translated  into  foreign  languages.  This 
is  particularly  true  of  “Ancient  Society,”  which  has  passed  through 
numerous  editions  in  foreign  languages  as  well  as  in  English.  The 
“ League  of  the  Iroquois,”  however,  has  been  the  most  popular  of  his 
works  and  has  won  him  wide  recognition  among  students  of  American 
archeology  and  ethnology. 
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Lewis  H.  Morgan  was  born  in  Aurora,  N.  Y.,  November  21,  j8i8. 
He  was  educated  in  Cayuga  Academy  and  Union  College,  being 
graduated  from  the  college  in  1840.  In  1875  he  received  the  degree 
of  LL.D.  from  his  alma  mater.  He  made  his  home  in  Rochester,  after 
his  admission  to  the  bar.  In  1855  he  became  legal  adviser  to  the 
railroad  and  iron  interests  in  the  Marquette  region  of  Lake  Superior. 
During  this  period  he  had  abundant  opportunity  for  making  studies 
among  the  western  Indian  tribes.  In  1861  he  was  elected  to  the 
Assembly  of  New  York  and  in  1868  to  the  State  Senate.  Morgan 
early  became  interested  in  the  Seneca  Indians  and  rendered  them 
several  notable  services,  leading  to  the  preservation  of  their  lands  in 
this  State.  In  1847  the  Senecas  adopted  him  into  the  Hawk  clan, 
bestowing  the  name  Ta-da-ya-wah-kuh,  “ One-lying-across,”  in 
allusion  to  his  services  as  intercessor. 

Interest  in  Morgan  and  his  work  has  been  revived  by  the  New 
York  State  Archeological  Association,  especially  by  Lewis  H.  Morgan 
chapter  of  Rochester.  For  several  years  this  chapter  has  placed 
memorial  wreaths  on  Morgan’s  tomb.  A large  wreath  was  placed 
upon  the  gate  of  the  tomb  in  1918,  commemorating  the  37th  anniver- 
sary of  his  death  and  the  100th  of  his  birth.  Morgan  died 
December  21,  1881. 

On  June  10,  1919,  the  Lewis  Henry  Morgan  memorial  committee 
presented  to  Wells  College  at  Aurora  a memorial  tablet  setting  forth 
the  career  of  Morgan.  The  members  of  this  committee  were  William 
Fellowes  Morgan  of  New  York,  Dr  Robert  L.  Zabriskie  of  Aurora, 
Arthur  C.  Parker  of  the  State  Museum,  Albany,  Dr  Allen  M.  Dulles 
of  the  Cayuga  County  Historical  Society,  Auburn,  Herbert  M.  Lloyd 
of  Montclair,  N.  J.,  Dr  Rush  Rhees  of  Rochester  University,  Alvin 
H.  Dewey  of  Morgan  Chapter,  N.  Y.  S.  A.  A.,  Rochester,  E.  R. 
Foreman  of  the  Rochester  Historical  Society.  The  active  officers  of 
the  committee  were  Dr  Kerr  D.  MacMillan,  president  of  Wells  College, 
E.  H.  Gohl,  secretary,  and  N.  Lansing  Zabriskie,  president  of  the 
Aurora  National  Bank,  treasurer. 

The  tablet  was  designed  by  E.  H.  Gohl  of  Auburn  and  was  to  have 
been  placed  on  November  21,  1918,  the  centennial  of  Morgan’s  birth. 
Delay  in  casting,  however,  forced  the  later  date.  The  unveiling  was 
witnessed  by  a large  audience  which  included  the  student  body  and 
graduates  of  Wells  College.  The  principal  address  was  made  by 
Prof.  Roland  B.  Dixon  of  Harvard  University  and  the  address  of 
presentation  and  unveiling  by  the  Archeologist  of  the  State  Museum. 


The  Morgan  Memorial  Tablet,  placed  in  Wells  College,  Aurora,  June  1919 
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Aurora  was  the  birthplace  of  Morgan  and  his  home  yet  stands  in 
good  repair.  He  was  from  1868  to  the  time  of  his  death  in  1881  a 
trustee  of  Wells  College. 

Morgan  was  the  father  of  the  archeological  and  ethnological  depart- 
ments of  the  State  Museum  and  the  collections  that  he  brought 
together  formed  the  first  Indian  exhibits  in  the  Museum.  Through 
this  collection  and  through  his  reports  Lewis  Henry  Morgan  will 
always  be  associated  in  the  minds  of  scholars  with  the  New  York 
State  Museum. 

The  Complanter  medal.  The  Cornplanter  medal  is  a biennial 
reward  bestowed  upon  some  noted  student  of  the  Iroquois  history 
or  anthropology.  The  bestowal  is  made  by  the  Cayuga  County 
Historical  Society  upon  the  nomination  of  its  executive  staff  and 
Prof.  Frederick  Starr  of  the  University  of  Chicago.  The  medal  was 
originated  by  Doctor  Starr  and  endowed  through  the  sale  of  copies 
of  drawings  made  by  Jesse  Cornplanter,  the  great  grandson  of  the 
celebrated  Chief  Cornplanter.  The  medal  was  named  after  the 
Cornplanter,  the  friend  of  George  Washington. 

In  considering  candidates  the  committee  determines  the  value  of 
their  researches  and  attainments  in  several  lines,  among  them  the 
following : contributions  to  an  advancement  of  the  knowledge 

concerning  the  Iroquois,  literature,  philanthropy.  The  medals  have 
been  bestowed  upon  the  following  persons:  General  John  S.  Clark 
of  Auburn,  Dr  David  Boyle  of  Toronto,  Reuben  Gold  Th waites  of 
Cincinnati,  William  M.  Beauchamp  of  Syracuse,  William  Pryor 
Letchworth  of  Portage,  John  N.  B.  Hewitt  of  Washington,  Arthur 
C.  Parker  of  Albany.  This  year  at  the  Morgan  centennial  the  medal 
was  bestowed  upon  Alvin  H.  Dewey  of  Rochester  for  his  notable 
achievements  in  organizing  the  New  York  State  Archeological  Associ- 
ation, in  bringing  together  students  of  aboriginal  archeology  and  eth- 
nology and  in  publishing  the  records  of  various  surveys  of  sites  in 
western  New  York.  The  medal  was  given  at  the  time  of  the  unveil 
ing  of  the  Morgan  tablet,  June  10th,  a most  fitting  time  to  pay 
tribute  to  the  organizer  and  president  of  Lewis  H.  Morgan  chapter. 

The  New  York  State  Archeological  Association.  The  membership 
of  this  association  is  composed  of  two  classes,  general  members  and 
chapter  members.  There  are  at  present  two  active  chapters  and 
two  in  process  of  formation.  Leatherstocking  chapter  at  Coopers- 
town  has  its  headquarters  at  the  Chamber  of  Commerce  rooms  and 
holds  monthly  meetings  either  there  or  at  the  home  of  its  president, 
David  R.  Dorn.  It  is  devoting  its  energy  to  making  a systematic 
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study  of  the  archeology  of  the  upper  Susquehanna.  The  secretary 
is  Rowan  D.  Spraker  and  the  attorney,  Adrian  A.  Pierson.  Morgan 
chapter,  the  parent  organization,  is  located  at  Rochester.  Meetings 
are  held  monthly  during  ten  months  of  the  year,  two  of  which  are 
field  meetings.  Special  students  and  experts  on  archeological  sub- 
jects give  the  addresses.  During  the  year  meetings  have  been  held 
at  Rochester  University,  the  Rochester  Club,  the  Municipal  Museum, 
Catherine  Strong  Hall  and  the  Memorial  Art  Building.  All  other 
meetings,  except  field  meetings,  have  been  at  the  home  of  President 
Alvin  H.  Dewey,  who  seems  to  delight  in  providing  entertainment 
and  refreshment  for  his  fellow  students. 

The  Archeologist  of  the  State  Museum  is  the  acting  director  of 
the  association  and  has  attended  the  annual  meetings  of  the  chapters 
as  well  as  given  talks  at  stated  meetings.  The  association  head- 
quarters is  at  the  State  Museum  where  the  records  are  kept.  The 
association  is  performing  a remarkable  work  and  is  cooperating  with 
the  State  Museum  in  obtaining  information  and  specimens.  The 
Museum  is  fortunate  in  having  so  large  a body  of  enthusiastic  friends. 

Addresses  and  papers.  There  is  a constant  demand  for  articles 
and  lectures  on  subjects  pertaining  to  the  New  York  Indians,  past 
and  present.  The  heavy  demands  of  the  routine  work  of  the  depart- 
ment make  it  impossible  to  respond  to  more  than  a very  few  of  these 
requests.  During  the  year  the  Archeologist  has  prepared  the  follow- 
ing papers  for  publication:  A Prehistoric  Iroquoian  Site  at  Rich- 
mond Mills,  Ontario  County,  New  York  State. Archeological  Associa- 
tion Transactions;  the  New  York  Indians  in  the  World  War,  “ State 
Service,”  November  1918;  Museum  Groups  in  Wax  and  Plaster, 
“ Museum  Work,”  December,  1918;  An  Early  Contact  Period  Site 
of  the  Seneca  at  Factory  Hollow,  New  York  State  Archeological 
Association  Transactions,  1919;  Health  Conditions  of  the  New  York 
Indian  Reservations,  “ Health  News,”  April  1919. 

Public  addresses  have  been:  The  Religious  Beliefs  of  the  American 
Indians,  Unitarian  Society;  Primitive  Secret  Societies,  Leatherstock- 
ing chapter;  Origin  and  Distribution  of  the  American  Indians,  Morgan 
chapter;  The  Empire  State  When  the  Red  Man  Ruled,  Buffalo 
consistory;  The  American  Indian  in  the  World  War,  Morgan  chapter. 
These  talks  were  given  in  order  to  stimulate  interest  and  to  supply 
correct  information.  No  fees  were  received  and  traveling  expenses 
i n no  case  were  made  a charge  upon  the  State. 
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ACCESSIONS  TO  THE  COLLECTIONS  OF  ARCHEOLOGY 

Collection 

A.  C.  Parker,  Archeologist,  Albany 

Mound  builder  pot * I 

Seneca  pot,  broken 1 

Pipe,  Iroquoian 3 

Grooved  axe. . . 2 

Celts 5 

Spear  points 20 

Shell  ornaments 6 

Catlinite  ornaments 4 

Stone  ball 1 

Bone  implements 14 

Metates 2 

Hammer  stones 12 

Pestles 2 

Arrow  points 247 

Net  sinkers 15 

Donation 

The  A.  H.  Dewey  Collection;  gift  of  Mrs  F.  F.  Thompson,  Canandaigua 

Honeoye  Lake,  Ontario  county 

Anvils 2 

Arrows 2 

Arrows  and  spears 30 

Celts 9 

Drills 7 

Beveled  celts 2 

Bolo  stones 3 

Flint  disk 1 

Flint  knife 1 

Grooved  maul 1 

Gun  flints 3 

Metates 5 

Hammer  stones 16 

Knives 2 

Net  sinkers 2 

Muller 2 

Metal  comb 1 

Pitted  stone 17 

Pipe  bowl 1 

Pipe  stems 4 

Pestles 5 

Pendant 1 

Potsherds 3 

Rubbing  stones 5 

A string  of  wampum  glass  and  bone  beads 1 
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Sinkers io 

Stone  disk I 

Tibe  stone I 

Triangle  points. . . 8 

Stone  objects 2 

Smoothing  stone i 

Victor,  Ontario  county 

Arrows 6 

Bone  awl i 

Brass  triangle  points i 

Bone  comb i 

Bone  implement i 

Bone  spear  head i 

Bone  pendant i 

Bone  pipe I 

Clay  effigy i 

Effigy  pipebowl i 

Flints 3 

Flint  drill i 

Copper  bangle i 

Gun  flints 2 

Iron  adze i 

Lead i 

Deer’s  spine I 

Deer  antler  awl i 

Horn  pottery  marker i 

Bone  needle i 

Bone  puncher . 3 

Worked  bone : 3 

Bear’s  teeth 15 

Bullet  mold 1 

Metal  button 1 

Potsherds 1 1 

Pipes 6 

Pipe  bowls 6 

Pipe  fragments 2 

Shell  ornament 1 

Clay  pipe  stems 27 

Pipe  stems 5 

Turtle  shell 1 

Trade  axe 1 

Triangle  points 3 

Sharpening  stones 4 

Rochester  Junction,  Monroe  county 

Arrow 1 

Brass  kettle 1 

Beveled  celt t 

Bear’s  teeth 2 
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Bear  paws 2 

Brass  ornaments 7 

Clay  effigy 1 

Copper  awl 1 

Copper  fish  hook 1 

Gun  flint 1 

Brass  arrows 8 

String  glass  beads  (605) 1 

Iron  implement 1 

Bone  implement 1 

Brass  and  copper  pendants 8 

Projectile  points 17 

Copper  and  brass  beads 1 

Raccoon  bone 1 

Hafted  sheet  awl 1 

Iron  awls 3 

Pipe  stems 16 

Potsherds 1 

Shell  runte 2 

Shell  beads 12 

Spiral  shells 1 

Trade  axe 1 

Triangle  points 28 

Worked  bone 3 

String  beads 1 

Cleary,  Livingston  county 

Brass  pendants 4 

Brass  projectile  points 2 

Charred  corn 

Flint  saws 2 

Flint  objects 4 

Hammer  stones 1 

Bone  beads 2 

Game  button 1 

Beaver’s  tooth 1 

Pendant 1 

Rubbing  stone 1 

Pottery  bead 1 

Arrow 1 

Sharpening  stone 1 

Scrapers 3 

Triangle  points 69 

Stone  bead ‘ 1 

Bone  awls 8 

Iron  trade  axes 2 

Copper  triangle  point 1 

Copper  pendant 1 

Pipe  stems 14 

Pipe  bowl 1 
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Potsherds 3 

Bone  ornament 1 

Bone  pendants 2 

Bone  implements 5 

Bone  punch 1 

Elk’s  teeth 2 

Bear  teeth 3 

String,  25,  copper  and  glass  beads 1 

Dann  site,  Honeoye  Falls,  Monroe  county 

Bone  combs 3 

Bullet 1 

Couch  shell  beads 2 

Catlinite  beads 3 

Hammer  stone 1 

Human  bones 2 

Brass  bells 2 

Brass  thimbles 5 

Bullet  punch 1 

Banner  stone 1 

Frame  of  beads  and  bone  comb 1 

Frame  of  beads 1 

Frame  of  6500  wampum  beads 1 

Frame  of  beads  and  bone  ornaments 1 

Wampum  50  strings  of  (55)  beads  each 50 

Plovers  and  wampums quantity 

Brass  kettles 2 

Copper  pot 1 

Smoothing  stone 1 

Old  button 1 

Stone  bead 1 

Slate  bead 1 

Shell  gorgets 3 

Shell  face 1 

Shell  pendants 3 

Shell  ornament 1 

Warpaint 1 

Gun  stock 1 

Iron  axe 1 

Iron  implement 1 

Shears 3 

Copper  bracelet 1 

Iron  chisel 1 

Iron  bracelet 1 

Iron  drills 1 

Knives 7 

Lead  tubing 1 

Iron  rimmer 1 

Section  ramrod 1 

Parts  of  a gun 1 
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Holcomb,  Ontario  county 

Awl  copper 1 

Arrow  copper 1 

Bear’s  teeth 2 

Brass  triangle  points 10 

Beads 16 

Brass  kettle 1 

Brass  thimble 2 

Box  turtle  shell 1 

Bone  spoon 1 

Bullets 3 

Brass  bells 2 

Copper  pendant 1 

Copper  pieces 5 

Copper  fish  hook 1 

Frame  of  2788  beads 1 

Flint  chippers  implement 1 

Glass  beads 4 

Charred  corn 1 

Hammer  stone 1 

Iron  crane 1 

Iron  adzes 3 

Jesuit  ring 3 

Lead  bullets 33 

Mica 1 

Problematical  objects 4 

Potsherds 1 1 

Pipe  bowls 2 

Pendants 3 

Pipe 1 

Pipe  stem 1 

Tube  pipe 1 

Powder,  quantity 1 

Pottery  vessel 1 

Sharpening  stones 4 

Stone  pendant 1 

Shell  ornaments 2 

Shell  pendants 8 

Shell  crescents 6 

Stone  rattles 7 

Skull 1 

Leg  bones 2 

Animal  teeth 3 

Thimble 1 

String  of  4625  beads,  ornaments  etc 1 

War  paint,  quantity 1 

Richmond  Mills,  Ontario  county 

Bone  awls 171 

Arrows 2 
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Bone  arrows . 2 

Combs 4 

Ceremonials 4 

Fish  hooks . . . : 1 1 

Fish  hooks,  not  completed 6 

Harpoons 8 

Hairpins 3 

Incising  tool 1 

Tallies 2 

Ornaments 1 

Pendants 24 

Whistle 1 

Needles 12 

Scrapers 9 

Beads  (bone)  330  in  strings 1 

Beads  25  on  string 

Perforated  animal  teeth 64 

Punches 5 

Flaking  tools 14 

Implements,  various  kinds 60 

Animal  bones,  various  kinds  many  worked 60 

Miscellaneous  articles 9 

Horn  implements 13 

Handle  of  implement 1 

Raccoon  bones 8 

Bears’ teeth 25 

Celts 37 

Chisel 1 

Clay  effigies 9 

Clay  pipe  stems ’ 23 

Disks 14 

Discoidal  stone 1 

Gorget 1 

Game  stone 1 

Hammers 14 

Sharpening  stones 4 

Scraper 1 

Spear 1 

Slate  implements 2 

Pestle  (fragments) 1 

Net  sinkers 4 

Whetstone 1 

Flaking  implements 5 

Punch 1 

Miscellaneous  stone  materials 2 

Pipe  bowl  fragments 13 

Steatite  object 1 

Hammer  stone 1 

War  clubs 2 

Flint  saws . . 6 
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Flint  disks 7 

Pipes 8 

Pottery  beads 2 

Pipe  bowls 10 

Metates 7 

Anvil 1 

Mortar 1 

Muller 1 

Pitted  stones 17 

Sinker 1 

Groved  spade 1 

Chipped  disk 1 

Palletti  stone 1 

Triangle  points 18 

Ivory  objects 2 

Effigy  clay  pipe 1 

Pottery  disks 2 

Pottery  bead 1 

Miscellaneous  clay  objects 5 

Potsherds 69 

Worked  shell .• 1 

Shell  disk 1 

Shell  beads 40 

Elks’  teeth 1 1 

Stone  beads 16 

Factory  Hollow  or  Shattuck  site,  Ontario  county 

Awls 18 

Bears’  teeth , 2 

Catlinite  beads 4 

Catlinite  eagle  effigy 1 

Effigy  bone  baby 1 

Hammer  stones 2 

Bone  fish  hook 1 

Bone  projectile  points 3 

String  no  glass  beads 1 

Gaming  stone 1 

Clay  pipe  bowls 2 

Clay  pipe 1 

Brass  points 10 

Copper  pendant 1 

Gun  flint 1 

Drill 1 

Iron  knife 1 

Chisel 1 

Metal  pendant 1 

Metate 1 

Muller 1 

Pipe  bowls 5 

Pipe  stems 3 
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Punch | 

Scraper i 

Sharpening  stones 1 1 

Smoothing  stones 6 

Sinker i 

Silver  coin i 

Brass  saw i 

String  290  handmade  wampum  beads 1 

Triangle  arrows 1 

Celts # 11 

Effigy  bone  face 1 

Bone  candles 10 

Implement 1 

Worked  bone 9 

Bone  head 2 

Elk  tooth 1 

Bone  pendants 2 

Flaking  tools 6 

Bone  needles 1 

Bone  punches 3 

Bone  implements 2 

Perforated  bear  tooth 1 

Teeth 6 

Bears’  teeth 5 

Beaver’s  teeth 2 

Raccoon  bone 1 

Bone  gouge 1 

Pottery  fragment 1 

Potsherds 54 

Horn  punches . .‘ 2 

Bones  (worked) 1 

Iron  chisel 1 

Iron  implement 1 

Brass  pendant 1 

Brass  awl 1 

Clay  effigies 4 

Miscellaneous  material  from  various  localities  in  New  York  State 

Arrows 235 

Bone  arrow 1 

Arrow  straightener 1 

Arrow  shaft  grinder '. 1 

Copper  awl . 1 

Awls. 1 

Bone  awls 26 

Grooved  axes 15 

Trade  axes 2 

Bird  amulet 1 

Bar  amulet 1 

Beads 36 
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Catlinite  beads 13 

Shell  beads 5 

Lead  beads 1 

Copper  beads 6 

Glass  beads 3 

Bone  beads 9 

Stone  beads 4 

Celts 1 78 

Beveled  celts 25 

Grooved  celts 1 

Ceremonials 6 

Shell  pendants 3 

Catlinite  pendant 1 

Stone  pendant 1 

Gouges 26 

String  of  93  wampum  beads 1 

String  of  1 60  shell  wampum  beads 1 

String  of  32  beads  of  assorted  materials 1 

String  of  35  beads  and  catlinite  pendant 1 

String  of  30  beads 1 

String  of  glass  and  bone  beads 1 

String  of  shell  crescents  and  beads 1 

String  of  beads 4 

Frame  of  spears,  arrows  and  drills 25 

Frame  of  arrows . 18 

Frame  of  beads  and  bone  ornaments 1 

Frame  of  perforated  bears’  and  wolves’  teeth 1 

Frame  of  arrows  and  spears 1 

Bone  (worked) 5 

Bone  combs 3 

Bone  ring 1 

Bone  effigy 1 

Bone  implements 17 

Bone  needles 4 

Bone  pendants 2 

Bone  phalanxes 2 

Bone  harpoon 1 

Bone  ornaments 3 

Bone  punches 2 

Iron  adzes 3 

Brass  kettles 6 

Brass  points 2 

Brass  chain 1 

Brass  bell 1 

Brass  and  copper  points 6 

Copper  bangles 3 

Banner  stones 8 

Bullets 3 

Button 4 

Wood  bowl 1 
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Bolo  stones . 5 

Belt ; 1 

Section  bird  stone 1 

Ceremonials 13 

Copper  buttons 2 

Chisel 1 

Clay  vessel 1 

Cloth 1 

Disks 2 

Drills 2 

Discoidal 1 

Clay  effigy 1 

Lead  effigy 1 

.Face 1 

Effigy  bird  pipe 1 

Effigy  pipe  fragment 1 

Clay  pipe  effigy 1 

Flints 32 

French  coin  1656 1 

Flint  blades 31 

Gun  flints 20 

Gorgets 24 

Gamestone • 1 

Hammer  stones 54 

Grooved  hammer 1 

Harpoons 3 

Stone  hatchet 1 

Notched  hoe 1 

Iron  chisel 4 

Slate  and  stone  implements 3 

Iron  spoon 1 

Jesuit  cross 1 

Jesuit  rings 2 

Jews ’-harps 2 

Flint  knives 13 

Iron  knife .' 1 

Knives 2 

Semilunar  knives  (ula) 2 

Lead  ladle 1 

Metates 4 

Maul 1 

Mullers - 3 

Mortar 1 

Grooved  maul 1 

Grooved  net  sinker 1 

Potsherds 16 

Tube  stones 2 

Pendants 20 

Pipe  effigy  bowls 2 

Pipe  bowls 16 
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Steatite  pipe  (fragment) 1 

Pipes  (entire  and  broken) 34 

Two-faced  effigy  pipe 1 

Cast  of  a rare  pipe 1 

Stone  pipe 1 

Clay  pipe  stems 19 

Catfaced  pipe  bowl 1 

Pipe  bowls  (fragments) 7 

Cornplanter’s  tomahawk  pipe 1 

Pestles 2 

Plovers  wampum 1 

Pitted  stones 5 

Paint 4 

Paint  pestles 2 

Pottery  vessel 1 

Pitted  stones 12 

Pestles 16 

Pendants 13 

Phallic  stone . . . . ^ 1 

A necklace  of  1 5 ivory  disks 1 

Roller  pestle 1 

Rejects 1 

Rubbing  stones 3 

Sinew  stone 3 

Spade 1 

Sinkers 17 

Grooved  sinkers 9 

Scrapers 3 

Steatite  objects 2 

Scissors 1 

Spears 95 

Slate  ceremonial 1 

Sharpening  stones 4 

Skulls 6 

Card  of  spears  and  arrows 10 

Spindle  wheel 1 

Copper  spears 2 

Tube 1 

Bears'  teeth 4 

Tube  stone 1 

Steatite  tube 1 

Elk’s  tooth 1 

Iron  tomahawks 3 

Pipe  tomahawk 1 

War  clubs 2 

Triangle  points 25 

Miscellaneous  material  from  various  localities  in  New  York  State 247 
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ACCESSIONS  TO  THE  COLLECTIONS  OF  ETHNOLOGY 

Collection  and  Purchase 


A.  C.  Parker,  Albany 

Silver  brooches 4 

Wampum  wristband 1 

Masks,  ceremonial 3 

Wooden  ladles 4 

Feather  wands 2 

Belt,  beaded 1 

Husk  basket * 1 

Wooden  cup 1 

Buckskin  bag 1 

Smoking  pipe 1 


Donation 

George  L.  Tucker,  Buffalo 

Clay  pipe,  face  effigy,  found  at  Belmont,  Allegany  co 1 

John  Brooks,  Albany 

Arrowpoints  from  Indiana 2 

Mrs  Abraham  Lansing  Estate 

Wampum  belt  used  at  Fort  Stanwix 1 

Mrs  F.  F.  Thompson,  Canandaigua.  The  Laura  Doctor  collection 

Mask 1 

Spoon 2 

Cradle  board 1 

Cradle  wrappings 3 

Flute 1 

Dolls,  carved 2 

Canoes,  miniature 2 

Scalping  knife 1 

Husk  basket 1 

Husk  tray 1 

Bark  tray 1 

Wampum  strings 2 

Splint  basket,  small 1 

Water  drum 1 

Javelins 3 

Net  hoop 1 

Snowsnake 1 

Burden  strap 1 

Rattle,  turtle 1 

Box  turtle  rattle 1 

Rattle,  calabash 1 


STAFF  OF  THE  DEPARTMENT 

The  members  of  the  staff,  permanent  and  temporary,  of  the 
Department  as  at  present  constituted  are: 

ADMINISTRATION 

John  M.  Clarke,  Director 

Jacob  Van  Deloo,  Secretary  and  Director’s  Clerk 
Anna  M.  Tolhurst,  Stenographer 

GEOLOGY  AND  PALEONTOLOGY 

John  M.  Clarke,  State  Geologist  and  Paleontologist 
David  H.  Newland,  Assistant  State  Geologist,  Curator  of  Geology 
Rudolf  Ruedemann,  Assistant  State  Paleontologist,  Curator  of 
Paleontology 

William  L.  Bryant,  Honorary  Custodian  of  Fossil  Fishes 

C.  A.  Hartnagel,  Assistant  in  Geology,  Curator  of  Stratigraphy 

Herbert  P.  Whitlock,  Mineralogist,  Curator  of  Mineralogy 

George  S.  Barkentin,  Draftsman 

Noah  T.  Clarke,  Technical  Assistant 

Winifred  Goldring,  Assistant  in  Paleontology 

H.  C.  Wardell,  Preparator,  Assistant  Curator  of  Paleontology 

Charlotte  F.  Gorman,  Stenographer 
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SCIENTIFIC  PAPERS 

POSTBELLUM  REFLECTIONS  ON  THE  PLACE  OF 
PALEONTOLOGY  AMONG  THE  SCIENCES 

BY  JOHN  M.  CLARKE 

(Presented  before  the  Paleontological  Society,  Washington,  December  1918) 

As  we  pressed  into  this  late  war  and  while  in  the  midst  of  its 
labors,  we  set  ourselves  to  determine  what  service  there  lay  within 
us  which  could  be  turned  to  its  ends  and  when  we  found  such  knowl- 
edge or  such  competency,  we  laid  it  forthwith  at  the  command  of 
our  military  establishment.  I do  not  mean  to  ask  how  many  of  us 
found  ourselves  possessed  of  a war-time  serviceability,  how  far  our 
special  knowledge  was  or  could  be  adapted  to  the  call  of  the  time, 
or  how  remote  it  may  have  been  regarded  in  the  bustling  haste  with 
which  the  country  enlisted  in  this  all-absorbing  enterprise.  We 
searched  ourselves;  we  entered  into  every  cranny  of  our  storehouse 
to  discover  where  lay  some  hidden,  perhaps  forgotten  potency  which 
might  now  be  drawn  into  the  country’s  service. 

The  sword  had  been  thrust  in  our  hand ; it  was  an  unfamiliar  tool 
and  the  part  for  which  we  were  cast  was  obviously  to  mend,  not  to 
mar.  Feverish  with  desire  to  serve,  we  turned  to  the  uncounted 
and  incessant  civilian  activities  essential  to  the  great  struggle.  For 
these  we  strained  our  thought  and  our  help,  for  them  we  saved  and 
retrenched,  while  over  and  through,  about  and  in  all  these  activities 
was  the  ever-present  horror  of  a world  submerged  in  a welter  of  crime 
out  of  which  rose  the  thundering  approach  of  retributive  justice. 
Then  suddenly  the  alert  resounded  and  the  great  fight  was  done. 
As  if  over  night,  it  seemed,  in  the  very  heart  of  infinite  preparations 
and  amid  the  blaze  of  uncounted  miles  of  battle  line,  the  powers  of 
darkness  succumbed. 

Now  what  was  the  first  reaction  upon  you  when  the  truth  of 
victory  was  secure?  After  the  sigh  of  relief  from  overburdened 
hearts  had  transformed  itself  into  a shout  of  joy  and  the  high  pressure 
was  released,  which  way  did  your  thoughts  turn?  I have  heard  a 
paleontologist  whose  total  energies  had  been  given  over  throughout 
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this  period  of  trial  to  the  organization  of  helpful  activities,  say  that 
he  at  once  buried  himself  in  his  scientific  manuscripts  in  a delirium 
of  detachment  like  absorption  in  a great  poem.  Was  this  not  true 
of  all  of  us?  The  burden  lifted,  the  night  past,  we  reveled  again  in 
the  sun. 

It  has  been  my  constant  argument  in  season  and  out  of  season,  in 
the  presence  of  the  members  of  our  own  craft  and  of  those  unin- 
structed in  this  faith,  that  this  science  of  ours,  which  is  the  key 
to  the  historic  development  of  life  and  of  the  continents  and  seas 
which  have  nourished  it,  carries  with  it  fundamental  conceptions 
which  must  indicate  the  correct  relations  of  man  to  himself,  to  his 
neighbors  and  to  his  intellectual  and  spiritual  purposes.  This  is, 
I believe,  a sound  proposition.  But  the  belief  itself  does  not  make 
us  righteous  nor  does  the  practice  of  our  profession  of  itself  impart 
righteousness.  The  search  for  and  the  finding  of  the  truth  is  only 
an  interesting  diversion  unless  that  truth  is  made  vital  in 
application. 

The  pursuit  of  science  does  not,  alas,  raise  a man  to  the  practice 
of  a higher  morality  and  it  has  no  power  to  enlarge  the  soul  of  the 
man  whose  concern  therein  is  only  the  acquisition  of  new  information. 
But  truth  of  the  sort  that  we  do  pursue  and  find  does  have  an  engen- 
dering virtue  in  its  application  and  it  should  broaden  our  perceptions 
of  our  own  place  and  our  own  influence.  The  laws  of  sin  and  right- 
eousness, the  continuity  of  the  struggle  betwixt  the  physically  good 
and  the  evil  and  hence  between  the  spiritually  good  and  the  evil; 
the  correctness  of  adaptations  and  the  disasters  of  misfit,  are  ever 
present  in  this  panorama  of  life  to  him  who  will  not  let  his  vision  be 
eclipsed  by  details.  If  an  undevout  astronomer  is  mad,  then 
surely  a biologist  dealing  with  the  transformations  and  permutations 
of  a living  world,  if  not  spiritually  uplifted  must  be  a dullard;  and  so 
we  who  have  been  detailed  to  chart  the  march  of  life  in  its  courses 
through  the  ages  possess  the  competent  basis  of  a true  philosophy. 

Science,  whom  once  the  president  of  the  United  States  called 
an  “ ascetic  nun,”  has  in  these  days  left  her  attic  and  come  down 
on  the  street ; with  the  glowing  red  symbol  of  the  cross  on  her  somber 
garment  she  who  represents  us  has  done  what  she  could  in  ministry 
to  the  hurts  of  war.  She  of  our  science  does  not  belong  with  the 
Battalion  of  Death.  We  can  not  and  do  not  need  to  impress  on  the 
industrial  world  the  larger  importance  of  these  principles  that  engage 
us.  If  we  are  sure  that  this  science  of  the  progress  of  life  carries  with 
it  the  guy-lines  of  our  future  progress;  indeed  even  if  we  are  not  so 
sure  of  this  but  may  reserve  such  progress  to  the  overcontrol  of  the 
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human  intellect;  in  either  case  our  articles  of  faith  are  of  the  first 
order  of  quality. 

“ Very  important  if  true  ” said  the  president  of  the  Carnegie 
Institution  some  years  ago  to  these  intimations  put  forward  as  an 
argument  for  their  encouragement.  “ Very  important  and  true  ” 
is  the  only  dignified  retort.  I do  not  wish  to  say  that  the  devotees 
of  paleontology  are  creatures  of  a superior  order  of  intellect  but 
I can  not  refrain  from  the  expression  that  while  they  are  dealing 
neither  in  cosmic  magnitudes  nor  the  sublimated  calculus,  they 
have  chosen  to  serve  at  a high  altar. 

We  must  be  prepared  now,  with  armies  returning  from  abroad 
sharpened  to  the  applications  of  science  and  armies  at  home  ever 
sharpening  these  applications,  for  an  intense  magnification  of  its 
industrial  and  cbmmercial  cogency.  It  seems  quite  likely  that  science 
may  be  in  danger  of  comprehension  only  in  such  terms  as  are  pro- 
ductive of  wealth.  And  as  if  this  were  not  enough  of  a misbranding 
for  science  to  correct,  there  lies  a reprbach  upon  science,  led  like  a 
wanton  away  from  its  paths  of  rectitude  into  the  maddening  purlieus 
of  a mischievous  war. 

I have  recently  read  a passage  from  a published  Sigma  Xi  address 
in  which  the  author  introduced  his  elective  arguments  and  his 
personal  attitude  in  this  phrase : 

“ But  to  an  engineer  accustomed  by  training  and  habit  to  look 
on  science  and  scientific  laws  as  valuable  only  when  capable  of 
application,”  etc.  Here  we  diverge.  Nature’s  fundamental  laws 
can  not  be  applied.  They  apply  themselves;  they  govern  without 
consent.  If  we  read  them  aright  then  we  ensure  happiness  and 
progress  in  adjusting  ourselves  to  them.  We  are  not  called  on  to 
enforce  science  and  scientific  laws;  nor  is  it  competent  to  declare  a 
law  “ valuable  ” in  accordance  with  standards  we  set  up.  The  law 
is  of  God,  the  standard  of  man.  Over  against  the  passage  cited  let 
me  put  one  emanating  from  a practical  geologist  whose  career  has 
been  marked  by  eminent  attainment.  The  comment  is  on  broad 
lines  of  geological  science,  all  the  more  applicable  to  us  because  of 
this. 

“ Applied  geology  is  of  such  inestimable  value  to  mankind  that 
its  study  needs  no  stimulus,  but  pure  geology  is  often,  and  now 
more  than  ever,  forgotten  in  the  wild  scramble  for  material  results ; 
and  yet  it  is  the  basis  on  which  all  benefits  to  mankind  from  applied 
geology  have  been  derived.  During  the  war  many  geologists  have 
given  their  services  in  one  way  or  another  entirely  to  the  country 
and  research  departments  have  been  largely  depleted  of  workers. 
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With  the  termination  of  the  war  some  of  these  research  workers 
may  return  to  their  old  pursuits,  but  many  have  been  permanently 
weaned  away  by  mere  worldly  ambitions  in  applied  geology.  The 
limit  of  elasticity  has  been  strained;  the  rebound  will  not  be  com- 
plete. These  ambitions,  however,  can  not  be  realized  unless  the 
trend  of  discoveries  of  new  truths  in  the  Earth’s  secrets  can  be 
maintained.  A house  can  not  be  built  to  a height  greater  than  the 
foundation  will  support.  I believe  now,  more  than  ever,  the  world 
is  in  need  of  work  in  pure  geologic  research.” 

Our  contention  that  the  principles  which  it  rests  with  our  science 
to  enunciate  afford  the  key  to  many  sociological  enigmas,  is  not  a 
phantasy;  and  their  application  to  the  personal  conduct  of  our  own 
lives  must  of  necessity  be  productive  of  correct  physical  and  spiritual 
adjustments.  And  as  I am  fortifying  my  plea  with  the  wisdom  of 
other  men,  I here  quote  the  expression  of  one  to  whose  words  all 
geologists  attend  with  deference  and  whose  vision  has  all  the  initiative 
of  a spiral  nebula. 

“ Nothing  could  be  more  grateful  to  me  than  your  strong  advo- 
cacy of  the  study  of  the  life  record  as  a source  of  guidance  in  socio- 
logical, political  and  other  problems  of  the  human  race.  I have 
been  trying  to  urge  this  for  years.” 

In  an  address  which  I had  the  honor  to  give  before  the  Geological 
Society  two  years  ago  I laid  much  weight  upon  the  eventual  control 
of  the  minority  whenever  that  minority  was  strong  at  the  head;  so 
much  emphasis  indeed,  that  when  the  address  was  printed  at  the 
expense  of  the  taxpayers  of  New  York  it  was  gravely  questioned 
in  public  whether  this  was  a proper  argument  to  promulgate  at  a 
time  when  we  had  just  been  assured  that  our  principal  present 
business  was  to  make  the  world  safe  for  democracy.  But  our 
reasoning  in  this  matter  is  not  dependent  on  analogy;  out  of  our 
own  demonstrations  we  can  cite  the  proof  in  its  fulness  and  its 
constant  reiteration  in  the  history  of  the  earth.  Today  one-half 
the  world  has  broken  loose  into  a mad  and  disordered  surge. 
An  undisciplined  and  untaught  horde  have  got  the  bit  in 
their  teeth  and  are  running  wild.  Is  this  the  thing  we  started 
out  to  accomplish,  this  the  kind  of  democracy  we  went  out  to  make 
the  world  safe  for?  Were  not  the  law,  which  we  have  brought  out, 
of  proven  effectiveness  through  all  things ; had  it  not  its  foundations 
in  the  eternal  purposes  of  Nature,  we  might  look  with  extreme 
apprehension  upon  the  tempestuous  and  uncomprehending  outbursts 
of  the  world’s  new  so-called  democracies,  where  malignity,  ignorance 
and  ambition  conspire  to  unhorse  responsible  authority.  The 
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democracy  that  recognizes  in  ignorance  its  greatest  menace,  that 
strictly  safeguards  the  suffrage  and  honors  the  competent  individual 
and  thus  has  been  made  safe  for  the  world,  will  emerge  triumphant 
and  the  world  will  in  truth  be  safe  for  it. 

The  signers  of  our  immortal  Declaration  of  Independence  are 
freely  accused  of  audacity  and  mendacity  when  they  put  their  names 
to  the  proposition  that  all  men  are  created  free  and  equal.  No 
other  sentence  in  that  charter  of  our  liberties  has  evoked  more 
challenge.  But  that  condition  seems  to  be  the  heritage  of  Nature. 
Are  not  the  individuals  of  all  the  ages  born  free  within  the  physical 
limitations  of  the  class  to  which  they  pertain  or  the  stage  of  physical 
evolution  they  have  reached?  And  are  they  not,  under  normal  con- 
ditions, equal  physically  and  before  the  world  into  which  they  have 
come?  Equally  they  are  dependent  on,  armored  and  equipped  by 
their  heritage,  blue  eyes  and  black  eyes  alike.  With  present  valua- 
tion of  factors  of  heredity  and  variation  there  is  but  little  reservation 
in  the  reply  we  must  make  to  these  questions.  Men  are,  by  the 
eternal  and  immutable  laws  of  paleontology,  free  and  equal.  We 
do  not  say  that  they  have  been  born  to  an  equality  of  opportunity 
nor  does  our  Declaration  of  Independence  advance  any  such  intima- 
tion. That  is  a hypothetical  condition  which  Nature  does  not  under- 
take to  supply.  Blue  eyes  and  black  eyes  do  not  look  out  on  the 
same  opportunity;  if  they  did  and  if  Nature’s  organic  creations  were 
born  to  such  equality  of  opportunity  there  could  have  resulted  only 
equality  and  uniformity  of  result.  In  other  words,  equality  of  oppor- 
tunity in  paleontology  and  in  human  history  would  mean  a world 
of  life  with  the  chief  factors  of  evolution  eliminated;  indeed  another 
world  than  this  of  ours  in  whose  scheme  there  could  be  little  place 
for  the  higher  expressions  of  life.  If  there  had  been  equality  of 
opportunity  through  the  ages  of  paleontologic  history  there  would 
be  no  men  in  the  world  today.  The  state  needs  guidance  in  wisdom 
when  dealing  with  the  effort  to  create  equality  of  opportunity  for 
its  citizens.  Such  a state  presents  no  attractions  to  me  and  I know 
I shall  not  be  called  upon  to  live  in  it. 

In  a recent  letter  addressed  to  the  members  of  the  geology  and 
paleontology  committee  of  the  National  Research  Council  I wrote 
a paragraph  which  I trust  you  will  allow  me  to  repeat  here : 

It  will  be  time  for  us,  as  the  clashing  of  arms  dies  away,  to  ask  ourselves  if 
the  teaching  of  geology  by  lecture  or  by  pen  has  been  sufficiently  imbued  with 
cultural  and  spiritual  influences  which  the  science  can  so  freely  impart.  He 
is  a teacher  only  after  the  German  model  who  fails  or  does  not  seek  to  enforce 
the  broadest  bearings  of  his  teachings  and  I trust  that,  in  our  intimate  relations, 
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you  will  be  sufficiently  indulgent  to  permit  me  this  expression : That,  to  the  larger 
number  of  our  students,  these  applications  of  the  science  are  of  far  higher  moment 
than  the  mere  increase  of  their  store  of  information. 

Without  loss  of  proper  dignity  or  curtailment  of  accuracy  and  surely  with 
no  surrender  of  respect  for  the  theme,  nor  with  imputation  of  preaching,  the 
higher  and  fuller  meanings  of  the  science  can  be  kept  in  sight  and  its  influence 
be  elevated  in  the  thought  of  men. 

Commenting  on  this  an  accomplished  paleontologist  has  said  that 
he  feared  such  applications  of  doctrine  except  by  men  of  protracted 
and  intensive  training  and  of  judgment  refined  by  clear  perceptions. 
I hold  with  him;  but  I believe  too  that  no  teaching  of  our  science 
reasonably  derived,  even  if  presented  in  a half  light,  will  not  lead 
upward  rather  than  down. 

These  are  but  a few  thoughts  out  of  many.  I am  compelled  to 
make  them  few.  But  the  theme  is  all-embracing.  The  recognition 
of  its  philosophy,  coextensive  with  the  phenomena  of  life,  is  of 
momentous  importance  to  the  new  order.  It  is  the  lamp  unto  our 
feet  and  the  light  unto  our  path.  The  majesty  of  its  promise,  a 
philosophy  reaching  from  the  heights  to  the  depths,  a field  of  labor 
fascinating  in  its  details  and  uplifting  in  its  reactions,  ought  to 
draw  to  itself  a body  of  serious-minded  men  and  women  who  would 
not  sow  their  seed  among  thorns  where  the  cares  of  this  world  and 
the  deceitfulness  of  riches  and  the  lusts  of  other  things  enter  in  to 
make  their  labors  unsatisfying. 


NEW  PALEOZOIC  CRUSTACEANS 


BY  JOHN  M.  CLARKE 

I 

BUNAIA A NEW  MEROSTOME  CRUSTACEAN 

FROM  THE  NEW  YORK  SILURIAN  WATERLIMES 

It  was  to  be  expected  that  the  Salina  formation,  above  and  below 
the  horizon  of  the  salt,  would  eventually  afford  evidence  of  the  exist- 
ence of  the  crustacean  Bunodes  or  something  closely  allied  to  it. 

The  Pittsford  and  Vernon  shales  of  the  lower  part  of  the  formation 
have  already  afforded  the  genus  Pseudoniscus  in  two  species 
(P.  roosevelti  Clarke  and  P.  clarkei  Ruedemann)  and 
these  intimate  a combination  which  is  highly  suggestive  of  the 
Eurypterid-bearing  Silurian  beds  of  Oesel,  to  which  the  genus 
Bunodes  has  been  thus  far  restricted. 

The  fossils  now  before  us  present  certain  characters  very  sug- 
gestive of  Bunodes  and,  it  may  be  added,  also  of  Hemiaspis,  which 
is  a Scottish  crustacean  of  the  same  geological  age.  The  resemblance 
between  these  European  crustaceans  and  the  American  species  is, 
in  general  lines,  so  obvious  that  their  close  relationship  is  clearly 
indicated,  but  so  far  as  we  understand  the  new  form  it  is  materially 
different  in  some  structures,  and  adds  some  quite  important  details 
for  this  group. 

In  the  absence  of  very  definite  knowledge  of  the  ventral  structure 
of  the  group  with  which  these  creatures  have  been  associated  in 
classification,  they  have  been  provisionally  brought  together  with 
others  under  the  order  name  Synxiphosura1  with  the  general  subdi- 
visions (i)  Aglaspina  and  (2)  Bunodomorpha,  the  latter  of  these 
combining  the  following  genera:  Neolimulus  (Silurian,  Scotland); 
Bunodes  (Silurian,  Island  of  Oesel) ; Hemiaspis  (Silurian,  Scotland) ; 
Bunodella  (Silurian,  New  Brunswick) ; Pseudoniscus  (Silurian, 
Island  of  Oesel,  New  York).  Of  these,  only  two  genera,  Bunodes 
and  Hemiaspis,  come  into  present  comparison. 

Bunodes,  according  to  the  descriptions  by  Eichwald,  Schmidt  and 
Nieszkowski  (who  termed  the  fossil  Exapinurus)  and  most  recently 

Clarke,  in  Zittel -Eastman’s  Paleontology,  p.  775. 
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by  Patten  (The  Vertebrates  and  Their  Kin)  is  a creature  2 to  3 inches 
long,  with  a short  semicircular  head,  a broad  thorax  or  mesosoma  of 
six  segments,  followed  by  three  narrow  segments  of  the  postabdomen 
with  a long  single  telson  spine.  < The  head  is  marked  by  five  curved 
radial  furrows  diverging  on  each  side  from  the  central  subtriangular 
glabellar  elevation;  and  these  divide  the  surface  into  corresponding 
radial  ridges.  Doctor  Patten  has  called  attention  to  the  retention 
of  this  primitive  structure  in  the  Limulus  embryo,  a fact  which 
certainly  seems  to  bespeak  the  direct  descent  of  the  latter  from  this 
ancient  primitive  merostome. 

The  New  York  fossil,  which  is  here  designated  by  the  generic  name 
Bunaia,  is  like  Bunodes  in  these  cephalic  structures.  Though  of 
very  much  smaller  habit,  the  carapace  shows  on  the  upper  surface 
the  same  arrangement  of  parts  and  on  the  underside  this  pentameral 
division  is  clearly  accompanied  by  remains  of  the  five  pairs  of  legs, 
the  mouth  orifice  and,  as  it  seems,  the  chelate  first  legs  folded  down 
close  alongside  the  mouth. 

We  illustrate  here  in  connection  with  these  features  a head  of 
Bunodes  lunula,  the  Oesel  species,  showing  a similar  arrange- 
ment of  the  five  pairs  of  legs  and  in  addition  what  appear  to  be  the 
lateral  thickenings  of  the  glabellar  ridges.  This  is  a State  Museum 
specimen  from  which  the  very  thin  epidermal  film  has  been  removed. 
Further,  the  head  shield  of  Bunaia  is  progressed  over  that  of  Bunodes 
in  its  thickened  margins  and  extended  cheek  spines.  Patten  believed 
that  antennae  were  present  in  Bunodes  and  so  restored  it,  but  we 
find  no  evidence  of  these  structures  in  Bunaia. 

In  our  specimens  the  chief  difference  of  Bunaia  from  Bunodes  is 
in  the  structure  of  the  abdomen.  In  the  latter  there  are  six  broad 
segments  followed  behind  by  three  narrow  ones.  In  Bunaia  this 
structure  appears  to  be  somewhat  different.  The  cephalon  or  head 
shield  is  followed  behind  by  narrow  segments  of  which  seven  or  eight 
can  be  counted,  with  possibly  one  missing.  These  seem  to  be  of 
somewhat  unequal  length  and  to  be  longitudinally  ridged  but  without 
lateral  flanges.  Our  knowledge  of  this  structure  is  restricted  to  a 
single  example  and  is  subject  to  qualification.  In  one  of  the  three 
specimens  there  is  a broad,  detached,  smooth  spine  lying  alongside 
the  head,  which  may  have  been  the  telson,  though  apparently  pretty 
large  for  the  species. 

The  size  is  as  follows:  width  of  carapace  8 mm;  estimated  total 
length  of  animal,  inclusive  of  telson,  23  mm. 

Remarks.  The  distinctions  we  have  pointed  out  are  sufficient  to 
justify  the  generic  division  Bunaia,  but  there  are  still  some  points 
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regarding  the  abdominal  structure  awaiting  verification.  I have 
dedicated  this  species  to  Dr  Henry  Woodward,  founder  and  now 
emeritus  editor  of  the  Geological  Magazine,  whose  labors  among  the 
fossil  arthropods  have  been  long  continued  and  most  fruitful.  Every 
student  of  these  creatures  acknowledges  his  indebtedness  to  Doctor 
Woodward’s  honorable  and  helpful  service  and  it  is  a pleasure  to 
dedicate  to  his  name  and  his  work,  this  ancient  denizen  of  New  York. 

The  specimens  of  Bunaia  woodwardi  are  from  the 
Bertie  waterlime  of  East  Buffalo,  N.  Y. 


5 


Plate 


J 33 


Bunaia  woodwardi 

Fig.  i A weathered  exterior  of  a head  shield  showing  the  tri- 
angular central  area  or  “ glabella  ” and  the  five  pairs  of  lateral  lobes 
crenulating  the  surface  and  corresponding  to  the  legs  beneath,  x 8 
Fig.  2 The  interior  of  a head  shield  with  five  pairs  of  radial  appen- 
dages and  evidently  a 6th  pair  at  the  central  mouth.  The  light 
colored  lines  on  the  right  hand  radial  areas  are  elevated  linear  ridges 
which  appear  to  be  parts  of  the  appendages  themselves,  and  it  is 
thought  that  the  broad  dark  areas  may  include  both  legs  and  gills,  x 8 
Fig.  3 A crushed  and  defaced  head  shield  with  a postabdomen 
of  ridged  segments,  x 8 

Fig.  4 A telson  spine  which  lies  close  to  the  specimen  fig.  i and 
it  is  thought  may  belong  to  this  species,  x 8 

All  the  foregoing  are  from  the  Bertie  waterlime  (Silurian)  at  the 
East  Buffalo  quarries. 

Bunodes  lunula 

Fig.  s An  exfoliated  carapace  from  the  Silurian  of  the  Island  of 
Oesel,  showing  the  broad  dark  bands  left  by  the  six  pairs  of  cephalic 
appendages  and  also  the  central  divergent  ridges  which  seem  to  be 
the  interior  projections  of  the  ridges  of  the  “ glabella.”  x 3 
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II 

CRUSTACEA  FROM  THE  PERMIAN  OF  SAO  PAULO,  BRAZIL 

Through  the  courtesy  of  Mr  J.  Pacheco  of  the  Geographical  and 
Geological  Commission  of  Sao  Paulo,  I have  received  a series  of  new 
crustaceans  from  the  locality  of  Guarehy  in  the  state  of  Sao  Paulo, 
the  rocks  of  which  are  determined  as  of  Permian  age.  I am  not 
aware  of  the  collateral  stratigraphic  evidence  upon  which  this  deter- 
mination has-  been  based  but  all  the  evidence  shown  by  the  rock 
specimens  sent  and  independently  of  the  crustacean  remains,  would 
seem  to  corroborate  this  determination  of  their  age.  These  speci- 
mens are  thin  slabs  of  dark,  chocolate-colored  magnesian  limestone 
carrying  considerable  chert  scattered  through  them  in  nodules  and 
mats,  together  with  some  noticeable  quantity  of  pyrite.  On  the 
surfaces  of  these  slabs  carapaces  and  other  crustacean  parts  have 
been  flattened  out  and  some  of  the  fragments  of  rock  are  composed 
of  such  debris.  I have  been  asked  by  Mr  Pacheco  to  identify  and 
describe  these  fossils. 

I find  on  solution  of  the  matrix  that  the  rock  occasionally  contains 
traces  of  other  organic  remains  replaced  in  silica,  and  among  these 
are  parts  of  a Bellerophon  and  a Loxonema  of  types  which  might 
fairly  be  regarded  as  appropriate  to  the  Permian  horizon.  A single 
specimen  of  the  crustacean,  replaced  with  chert,  has  given  the  true  or 
approximate  contour  of  the  carapace,  and  this  has  helped  very 
materially  to  illuminate  the  original  form  and  probable  relationship 
of  the  species.  In  addition  to  this  predominating  and  abundant 
material  are  other  remains  occurring  in  a drill  core  of  soft  gray  shale 
taken  from  the  same  locality ; the  latter  crustaceans  are  of  a different 
character  than  the  others. 

Paulocaris  pachecoi  sp.  n. 

These  carapaces  vary  in  size  from  15  to  20  mm  in  axial  length  and 
in  their  flattened  form  have  a semicircular  or  ungiilate  shape,  notched 
both  back  and  front.  At  the  front  the  axial  line  is  extended  into  a 
sharply  angular  and  erect  rostrum  from  the  base  of  which  an  incurved 
line  passes  on  each  side  and  terminates  in  a spinule,  so  that  the  front 
margin  bears  a center  spine  or  rostrum  and  two  lateral  spines  or 
spinules.  The  rear  margin  of  the  shield  is  more  broadly  incurved 
in  outline  and  thickened  by  an  arched  segment.  In  the  axial  line 
and  just  back  of  the  central  point  of  the  shield  is  a short,  sharp  and 
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thickened  ridge  often  curiously  replaced  and  hardened  by  chert  and 
in  several  observed  instances  this  central  ridge  is  out  of  alinement 
lying  either  at  one  side  or  the  other  of  the  middle  line  and  occasionally 
askew.  Back  of  the  anterior  rostral  marginal  curves  and  close  upon 
them  lie  broadly  rounded  nodal  elevations  from  which  low  grooves 
converge  backward.  The  lateral  margins  of  the  shield  are  thickened 
like  whipcord  and  the  surface  of  the  carapaces,  when  well  preserved, 
shows  a fine  papillose  or  linear  ornamentation  quite  peculiar  to  the 
species,  in  the  sense  that  it  is  not  like  the  linear  incised  or  elevated 
inosculating  ornament  which  usually  marks  the  fossil  Phyllocarids. 

The  very  singular  feature  of  this  carapace  is  the  mode  of  preserva- 
tion of  the  nuchal  margin  or  ring.  On  the  surfaces  of  the  slabs 
this  ring  is  exposed  frequently  in  detached  condition  and  it  is  obvious 
that  in  its  original  state  it  was  greatly  thickened  so  as  to  strengthen 
and  assure  convexity  to  the  head  shield.  The  single  convex  specimen 
of  the  carapaces  shows  that  the  form  in  its  original  state  was  elevated 
and  broadly  rounded,  carrying  the  curvature  indicated  by  the 
detached  rings  found  in  the  rock,  and  that  the  carapace  was 
without  any  evidence  of  median  suture  or  independent  rostrum. 

The  presence  of  antennae  is  indicated  in  one  very  obvious  specimen 
and  by  scattered  fragments  of  others. 

As  to  the  thorax  and  abdomen,  little  can  be  said.  There  are 
remains  of  segments  which  carry  at  each  extremity  a jointed  append- 
age of  triangular  form.  So  far  as  the  evidence  goes  they  seem  to  be 
attached  to  the  segments  as  lateral,  terminal  pieces  and  not  to  have 
functioned  as  exopodites.  These  triangular  plates  lie  scattered  about 
in  considerable  numbers  and  it  seems  from  certain  segmental  struc- 
tures that  they  are  themselves  related  to  the  segmental  composition. 
Of  the  tail  and  telson  parts  nothing  definite  is  now  known. 

Paulocaris  was  a crustacean  of  decapod  affinities.  However 
much  the  flattened  carapaces  suggest  alliance  to  such  Phyllocarids 
as  Hymenocaris  and  the  Ceratiocaridae,  the  solid  carapace,  the 
antennae  and  segments  are  too  clearly  decapodan,  whatever  the 
station  of  the  genus  may  prove  to  be  within  this  order. 

The  other  species,  represented  in  the  drill  core  and  preserved 
in  clay  shale  is  in  two  specimens,  both  together  too  fragmentary  to 
serve  much  more  than  to  indicate  an  interesting  species  of  the  ancient 
shrimps  known  as  Palaeocaris  and  Gampsonyx.  In  both  these 
specimens  the  head  is  missing.  All  that  remain  are  portions  of  the 
thorax  and  abdomen.  The  species  is  doubtless  distinct  from  any 
recorded  and  subject  to  better  knowledge  may  be  designated  as 
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Gampsonyx  brasilicus  sp.  n. 

The  head  is  absent.'  The  thoracic  somites  are  numerous  and 
appear  to  be  from  eight  and  more,  very  narrow  and  bandlike,  all  the 
posterior  members  bearing  a median  pustule.  The  abdomen  consists 
of  six  broader  somites  with  lateral  triangular  posteriorly  directed 
extensions,  those  on  the  ultimate  joint  being  distinctly  leaf-shaped. 
The  telson  is  narrow  and  the  stylets  in  two  pairs,  the  outer  being  the 
longer. 


EXPLANATION  OF  PLATES 

Plate  A 
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Paulocaris  pachecoi 

Figs,  i,  2,  3 An  uncrushed  carapace  extracted  from  a pyritous 
nodule  and  showing  the  normal  convexity.  Natural  size. 

Figs.  4-1 1 Flattened  carapaces,  all  enlarged  to  2 diameters  and 
showing  various  structural  features.  Attention  is  directed  especially 
to  the  indications  of  frontal  or  ocular  nodes,  to  the  rostral  spine  and 
the  two  lateral  frontal  spines  and  to  the  postmedian  ridge  which  is 
usually,  for  some  reason,  hardened  and  sometimes  distorted. 

Fig.  12  A portion  of  a carapace  which  shows  the  sculpture  of 
the  lateral  surface,  x 2 


140 


NEW  PALEOZOIC  CRUSTACEA 


N.  Y.  State  Mus.  Bui.  219-20 


Plate  2 
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Plate  B 


Paulocaris  pachecoi 

Fig.  i A portion  of  an  abdomen  which  is  provisionally  referred  to 
this  species.  This  specimen  indicates  four  segments  and  the  terminal 
joints  on  each,  x 5 

Fig.  2 A portion  of  an  appendage  showing  the  terminal  joint,  x 2 

Fig.  3 A single  abdominal  segment  in  which  the  terminal  joints, 
if  present,  are  apparently  concealed,  x 2 

Figs.  4,  5 Triangular  plates  which  are  probably  terminal  joints 
of  the  abdominal  segments,  x 3 

Fig.  6 A fragment  of  rock  showing  the  stiffened  and  convex 
nuchal  edges  of  the  carapace,  x 2 

Fig.  7 A similar  specimen,  x 1 

These  seem  to  indicate  that  in  the  maceration  of  the  carapace  this 
heavy  and  stiffened  ring  became  detached. 

Fig.  8 Two  carapaces  apparently  in  casual  juxtaposition,  with 
remains  of  a long  antenna  preserved,  x 2 

Gampsonyx  brazilicus 

Figs.  9,  10  Both  of  these  segments  are  from  drill  cores  and  show 
parts  of  the  abdomen,  postabdomen  and  telson.  Both  are  enlarged 
2 diameters. 
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ARMSTRONGS,  A NEW  GENUS  OF  DEVONIAN  GLASS 

SPONGE'S 

BY  JOHN  M.  CLARKE 

In  recently  discussing  the  Devonian  glass  sponges,  I described  under 
the  name  of  Ceratodictya  oryx  (N.  Y.  State  Mus. 
Bui.  196,  p.  180,  pi.  2,  1918)  a slim  and  strongly  annulated  form, 
expressing  at  the  time  some  hesitation  in  referring  these  short  and 
simple  twigs  to  the  genus  Ceratodictya  which  had  been  created 
some  twenty  years  ago  Tor  the  reception  of  much  larger  and  more 
regularly  developed  reticula.  Our  knowledge  of  this  sponge  has 
been  enlarged  in  a very  interesting  way  through  the  acquisition  of 
a slab  of  Chemung  sandstone  recently  taken  from  the  original  local- 
ity of  the  species,  on  the  broad  surface  of  which  apparently  two  in- 
dividuals of  the  sponge  are  laid  out  in  impression,  in  what  would 
seem  to  be  approximately  complete  extent.  Whilet  he  structure 
of  the  branches  indicate  its  specific  identity  with  C.  oryx,  its 
extraordinary  branching  form  and  accessory  structures  show  that 
this  sponge  has  nothing  to  do  generally  with  Ceratodictya. 

In  the  figure  here  presented  of  this  slab  the  relief  is  given  rather 
than  the  natural  impression,  the  picture  being  made  from  a cast  of 
the  original.  It  will  be  seen  that  we  have  here  to  deal  with  a diffusely- 
branched  sponge  whose  form  and  direction  of  branching  is  approxi- 
mately determinable  from  the  form  of  the  annulations.  These  have 
a normal  expression  of  ensheathing  rings  with  their  steeper  slopes 
directed  backward  or  toward  the  root.  This  index  is  not  easy  to 
follow  in  all  parts  as  occasionally  the  annulations  show  little  differ- 
ence in  upper  and  lower  curves.  On  this  slab  there  seems  to  be  more 
than  one  colony  represented,  possibly  three  in  all;  but  one  is  con- 
spicuously shown,  displays  the  form  of  structure  at  the  joints  and 
indicates  that  branching  is  very  diffuse.  The  surface  of  these  annu- 
lated branches  shows  fine  striations  on  the  sandstone  matrix  in  the 
interannular  spaces,  but  little  can  be  seen  of  spicular  tufts  projecting 
from  the  annuli. 

Other  structures  are  indicated:  Several  of  the  branches  show 
terminal  sheaths  or  smooth  conical  extensions  running  out  into  a 
blunt  truncated  apex.  Two  or  three  of  these  are  in  place  and  several 


1Hall  and  Clarke,  Dictyospongidae,  p.117  (N.  Y.  State  Mus.  Mem.  2,  1898). 
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others  are  scattered  over  the  surface  of  the  slab.  They  suggest  the 
nonreticulate  tuft  or  undifferentiated  felt  of  spicules  which  is 
common  enough  at  the  root  of  many  living  hexactinellids.  The 
position  of  these,  however,  is  obviously  not  basal.  Position,  mode 
of  branching  and  some  other  features  indicate  that  these  sheaths  or 
tufts  are  terminal  to  the  branches  and  represent  compacted  growth 
ends.  This  consideration,  not  very  easy  to  substantiate  perhaps 
among  living  sponges,  is  helped  by  the  fact  that  the  slab  shows  prac- 
tically as  many  such  sheaths  as  there  are  branches.  Some  are  in 
place  and  some  apparently  detached  but  there  are  many  more  than 
the  number  of  sponges  would  require  as  root-ends. 

In  addition  to  these  structures  the  slab  shows  some  flat  concentric 
disks  which  would  seem  to  be  in  all  probability  a part  of  these  organ- 
isms. These  disks  are  depressed  at  the  center  and  their  concentri- 
cally-lined surface  is  like  that  of  the  epithecal  base  of  a Chaetetes 
or  Pleurodictyum.  Such  circular  bases  are  not,  however,  foreign  to 
the  living  glass  sponges  and  the  association  makes  it  probable  that 
these  disks  have  served  such  a function  here. 

In  seeking  comparison  among  the  living  Hexactinellids  with  this 
singular  branching  Devonian  sponge  we  find  a suggestive  species 
in  the  Sclerothamnus  clausi  (Marshall)  as  depicted 
in  Schulze’s  Report  on  the  Hexactinellida  of  the  Challenger 
Expedition  (p.  337,  pi.  98).  To  institute  more  closely  this  com- 
parison between  two  branching  sponges  the  Challenger  species  is 
here  copied.  Here  the  annular  tufts  appear  to  be  not  always 
circular  but  at  times  continuous  and  spiral  though  the  branching 
is  unlike  that  of  the  Devonian  species,  but  so  seldom  does 
branching  occur  that  the  two  forms  are  comparable  on  that  basis 
a1,  one. 

As  we  can  no  longer  associate  this  species  with  the  genus  Cerato- 
spongia  it  is  now  proposed  to  term  this  sponge  Armstrongia , in 
recognition  of  the  intelligent  interest  taken  in  the  collection  of  these 
Devonian  sponges,  by  Mr  E.  J.  Armstrong  of  Erie,  Pa.,  and  the  notable 
additions  to  our  knowledge  of  them  which  his  specimens  have  con- 
tributed. This  slab,  which  was  found  loose,  is  from  the  upper  beds 
of  the  Chemung  group,  9 miles  south  of  Erie,  Pa.,  and  carries  on  its 
back  abundant  specimens  of  a large  Liorhynchus,  probably  L. 
mesocostalis. 
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Armstrongia  Oryx 

Fig.  i Natural  size  drawing  of  a cast  of  the  original  slab  showing 
the  full  extent  of  the  specimen.  The  original  is  preserved  as  a 
natural  mold. 

Upper  beds  of  the  Chemung  group,  9 miles  south  of  Erie,  Pa. 

Sclerothamnus  Clausi  (Marshall) 

Fig.  2 Drawings  of  living  specimen  taken  from  the  “ Report  on 
the  Hexactinellida  of  the  Challenger  Expedition.” 
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THE  MICROSCOPIC  FAUNA  OF  THE  BONAVENTURE 
CONGLOMERATE 

The  Bonaventure  conglomerate  of  the  northeastern  Atlantic  coast 
seems  to  be,  as  I have  often  stated,  an  equivalent  and  contemporary 
of  the  Catskill  formation  of  New  York  in  the  sense  that  in  both  the 
deposition  of  this  deposit  began  before  the  close  of  Devonian  time 
and  continued  over  the  boundary  line  as  marked  in  the  marine 
succession  into  the  early  Carboniferous.  Both  seem  to  be  also  out- 
wash  gravels  and  sands. 

This  age  determination  could  perhaps  not  be  clearly  made  on  the 
evidence  of  either  formation.  James  Hall  believed  this  to  be  the 
interpretation  of  the  Catskill  formation  in  New  York;  the  obvious 
land  elevation  during  the  late  Devonian  of  Gaspe  with  the  formation 
of  land  ice  corroborates  this  construction  and  both  cases  are,  in  a 
broad  way,  supported  by  the  recognized  time  value  of  the  Old  Red 
sandstone  in  Britain.  The  Bonaventure  formation  is  a conglomerate 
and  sandstone  lying  flat  on  the  almost  vertical  edges  of  the  early 
Devonian,  Silurian,  Ordovician  and  Cambrian  strata  and  its  pebbles 
are  recognizable  fragments  from  those  formations  with  no  incon- 
siderable mixture  of  crystalline  blocks  from  the  Gaspe  or  Laurentian 
highlands. 

One  often  finds  in  the  conglomerate  great  coral  heads  of  Halysites 
from  the  Silurian  whose  outcrops  are  known,  and  the  other  fossil- 
iferous  pebbles  and  boulders  are  a source  of  constant  interest  to  the 
student  of  fossils.  The  leading  constituent  of  some  of  the  Bonaven- 
ture beds,  however,  is  flint  in  the  form  of  jaspers  and  cherts.  For  a 
long  time  I have  suspected  these  cherts  of  carrying  a microscopic 
fauna  and  am  very  glad  now  to  present  the  following  evidence  of  it. 
Out  of  a considerable  number  of  sections  from  these  chert  pebbles 
only  six  have  shown  the  fauna  herewith  described  by  Dr  Rufus  M. 
Bagg.  These  few  slices  of  rock  not  covering  in  total  3 square  inches 
of  surface,  have  revealed  over  forty  species  of  Foraminifera,  with 
evidences  of  Sponges  and  Radiolaria,  and  from  this  one  may  gain 
some  idea  as  to  the  not  inconsiderable  abundance  of  these  creatures 
in  the  rocks  out  of  which  these  pebbles  were  washed  by  the  torrents 
of  the  late  Devonian. 

Doctor  Bagg  has  been  disposed  to  conclude  from  the  very  interest- 
ing evidence  he  has  amassed,  that  these  cherts  are  of  Cambrian  or 
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Ordovician  age.  Of  this  it  may  be  remarked  as  a field  observation 
that  the  Ordovician  limestones  cover  a vast  area  in  the  interior  of 
the  Gaspe  peninsula  but  nearly  everywhere  they  are  or  seem  to  be 
continuous  with  the  Silurian  and  the  demarkation  of  the  two  forma- 
tions is  not  yet  clear;  while  the  Ordovician  shales  are  similarly  com- 
plicated with  the  Cambrian  shales  and  these,  also,  have  not  yet 
been  clearly  defined  and  probably  can  not  be  till  they  have  had  some 
such  refined  study  as  has  been  given  to  the  Ordovician-Cambrian 
(Hudson  River)  shale  beds  of  New  York.  It  is,  however,  those 
shales  that  seem  to  be  the  home  of  the  cherts  now  under  study  and 
it  is  fair  to  give  acceptance  to  either  judgment  as  to  the  age  of  these 
Foraminifera  — that  they  are  with  apparently  like  probability  either 
Ordovician  or  Cambrian.  If  Doctor  Bagg  finds  internal  evidence 
proving  their  Ordovician  age  there  is  every  reason,  aside  from  that, 
for  following  him. 

The  identifications  of  species  and  genera  here  given  are  based 
entirely  upon  shell  sections  which  do  not  permit  refined  comparisons, 
and  as  a result  of  this  enforced  procedure  a conservative  treatment  is 
necessitated.  To  aid  the  comprehension  of  these  sections,  the  natural 
full  form  of  species  allied  to  or,  for  sake  of  a name  identified  with  the 
section,  is  in  most  cases  given  on  the  plates  of  illustrations ; and  the 
figures  thus  introduced  have  been  largely  taken  from  English  writings 
on  Mesozoic,  Tertiary  and  Recent  Foraminifera.  The  real  purpose 
of  this  study  is  to  show  the  presence  and  abundance  of  the  creatures 
in  these  ancient  rocks. 

Doctor  Bagg  has  worked  out  this  problem  with  skill  and  satisfac- 
tion and  I am  glad  to  have  again,  after  the  lapse  of  many  years, 
brought  him  into  touch  with  the  work  of  the  New  York  State  Museum. 
In  the  performance  of  this  work  I have  also  had  the  help  of  my 
associate,  Prof.  George  H.  Hudson,  whose  exceptional  skill  in  micro- 
scopic photography  and  discriminating  scientific  knowledge  has 
made  these  diminutive  organisms  visible. 


John  M.  Clarke 


THE  FORAMINIFERA  OF  THE  BONAVENTURE  CHERTS 

OF  GASPE 


BY  RUFUS  MATHER  BAGG 

The  material  here  studied  from  the  Bona  venture  formation  con- 
sists of  six  thin  rock  sections  of  cherts  sent  to  the  writer  by  Dr  John 
M.  Clarke.  Accompanying  these  thin  sections  are  a number  of 
excellent  microphotographs  made  by  Prof.  George  H.  Hudson  of 
Plattsburg.  We  acknowledge  our  indebtedness  to  Doctor  Clarke 
who  has  furnished  some  necessary  literature  and  also  to  Professor 
Hudson,  whose  wonderful  skill  in  photomicrography  has  assisted  us 
in  the  identification  of  species  which  might  otherwise  have  been 
overlooked. 

The  purpose  of  this  investigation  has  been  not  only  to  determine 
the  existence  of  this  fauna  but  if  possible,  the  geologic  age  of  these 
cherts  or  impure  flints,  since  they  naturally  are  derived  from  an 
earlier  epoch  than  the  conglomerate  in  which  they  are  found.  The 
Bonaventure  formation  is  regarded  by  Doctor  Clarke  as  largely  a 
gravel  deposit  of  late  Devonian  or  early  Carboniferous  time.  The 
chert  specimens  are  all  filled  with  Foraminifera,  many  of  which  are 
as  perfect  as  when  originally  deposited  in  the  ooze  of  a paleozoic 
ocean,  and  the  silification  of  their  tests  was  slow  enough  to  preserve 
every  chamber  and  septal  division.  We  have  identified  in  these  six 
rock  slides  seventeen  genera  and  forty-five  species  belonging  to  many 
types,  but  it  is  only  fair  to  state  that  we  have  by  no  means  exhausted 
the  material.  This  is  because  the  identification  of  fossil  Foram- 
inifera in  cross  section  alone  is  exceedingly  difficult.  All  the  study 
possible  after  careful  and  searching  investigation  fails  to  give  one 
confidence  of  the  certainty  of  every  species  determined.  This  is 
especially  true  of  the  rotaline  forms  where  tangential  sections  of 
different  genera  are  much  alike,  as,  for  example,  Truncatulina  and 
Anomalina  or  Pulvinulina;  or  Verneuilina  and  Bulimina.  This 
problematical  factor  must  be  clearly  borne  in  mind  and  accounts  for 
the  failure  to  describe  additional  species  which  we  know  to  exist  in 
the  cherts  but  which  without  further  material  it  is  hazardous  to 
classify. 

Evidence  from  Sponges 

There  are  fortunately  a number  of  other  organisms  present  in  the 
slides  beside  Foraminifera.  The  simplest  of  these  consist  of  uniaxial 
and  tetraxial  sponge  spicules  which  occur  in  some  abundance  on  two 
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sections,  less  frequently  on  the  others;  but  all  of  which  indicate  Silur- 
ian age.  In  one  or  two  cases  dermal  spicules  are  grouped  in  a common 
base,  yet  so  minute  that  the  spicule  with  its  rootlet  measures  but 
0.0 1 mm  in  length  and  the  fragment  in  which  it  is  embedded  only 
0.03  mm  in  outside  diameter. 

These  spicules  belong  to  Lithistidae  and  are  similar  to  those  of 
Anomalospongia  reticulata  Ulrich  from  the  Cincinnati 
horizon  in  Kentucky,  but  the  latter  are  many  times  larger  than  our 
specimens.  They  show  below  the  prongs  the  widely  divergent 
angle  of  about  no  degrees  which  pertains  to  the  four-rayed  type. 
This  serves  to  separate  these  from  six-rayed  hexactinellid  spicules 
whose  cross  sections  also  show  three-rayed  structure.  These  num- 
erous uniaxial  and  tetraxial  spicules  are  quite  typical  of  both  lower 
and  upper  Silurian.  The  massive  thick- walled,  siliceous  paleozoic 
sponges  belonging  to  the  order  Lithistidae  occur  from  the  Cambrian 
to  the  Recent  but  become  more  abundant  in  Silurian  strata,  then 
again  in  the  Jura  and  Cretaceous.  Some  of  these  sponges  may  have 
furnished  the  silica  in  which  the  Foraminifera  were  embedded;  and 
none  of  the  full  sponge  masses  remain.  On  slide  6 is  a fine  fragment 
of  a minute  sponge  with  six  tetraxial  spicules  of  dermal  character 
but  only  five  show  the  forking  terminal.  They  project  above  the 
sarcode  base  0.0 1 mm  and  are  remarkable  for  their  delicate  structure. 
Only  in  one  case  did  we  detect  a club-shaped  spicule  of  triangular 
shape  and  it  is  possible  that  this  is  a rhabdolith.1  We  have  not  the 
literature  to  study  fully  these  sponges  but  consider  from  the  evidence 
at  hand  that  they  are  of  Silurian  age,  perhaps  Upper  Silurian  in  some 
cases.  It  is  not  improbable,  however,  that  they  come  chiefly  from 
the  upper  Ordovician  as  sponges  of  this  type  range  well  through  the 
entire  Silurian  period. 

Evidence  from  Radiolaria 

The  second  group  of  organisms  represented  on  these  slides  is 
Radiolaria.  These  are  mostly  fragments  of  coarsely  perforate 
spherical  shells  and  in  no  case  do  we  find  complete  forms  which  admit 
identification.  The  best  example  we  discover  is  seen  on  slide  4. 
This  radiolarian  has  a spherical  test  with  elongated  axial  rays,  four 
of  which  can  easily  be  made  out.  These  come  out  from  the  disc 
without  enlargement,  as  in  Lichnaspis  and  not  very  different  from 
Acanthometra,  the  latter  possessing  twenty  such  spinous  processes. 
The  spherical  fragments  resemble  Cenosphaera  macropora 

xThe  Microscopical  Fauna  of  the  Cretaceous  of  Minnesota,  Woodward  & 
Thomas,  Geol.  Minn.,  v.  3,  pt  1,  1895,  p.  49,  pi.  E,  fig.  2. 
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Rust,  of  Ordovician  age.  On  slide  i,  for  example,  a few  circular 
openings  occur  in  a colloidal  base,  but  not  enough  is  preserved  to 
determine  whether  they  belong  to  the  Spumellarian  or  Nasselarian 
group. 

Radiolaria  belong  to  very  deep  water;  but  they  occur  to  a limited 
extent  in  all  oceans  where  the  salinity  is  not  too  low,  in  shallow  as 
well  as  deep  water,  so  that  their  presence  in  these  cherts  does  not 
require  an  abyss  of  2 miles  depth  to  account  for  their  occurrence. 
They  never  had  an  extensive  development,  however,  until  Miocene 
time,  but  their  skeletons  have  been  preserved  in  the  oldest  fossil- 
iferous  horizons.  We  believe  the  radiolarian  in  the  chert  was  of 
spherical  form  and  that  the  uneven  distribution  and  unequal  spacing 
of  the  large  pores  (some  0.025  mm  in  diameter)  is  due  to  tangential 
cutting  of  a sphere.  As  far  as  this  unsatisfactory  evidence  goes  it 
seems  to  indicate  Lower  Silurian  age. 

Evidence  from  Bryozoa 

An  eight-lobed  star-shaped  fragment  occurs  on  slide  6 (poorly 
on  slide  1),  which  does  not  belong  to  the  Foraminifera ; but  we  believe 
it  represents  the  zooecia  of  a bryozoan-like  Arthroclema  cut  in  trans- 
verse section.1  Both  Arthroclema  and  Helopora  would  show  such 
lobate  structure  but  we  do  not  know  whether  an  eight-lobed  form 
could  be  obtained  from  these.  From  illustrations  given,  the  number 
of  lobes  does  not  seem  to  be  constant,  for  some  show  six  and  others 
seven  of  such  zooecial  segmentations.  One  or  two  additional  bryo 
zoan-like  forms  occur.  On  slide  4 occurs  a bryozoan  section  which 
seems  to  me  to  be  related  toHomotrypa  similis  Foord 
found  in  the  Cambro-Silurian  rocks  of  Canada.  It  is  so  cut  that  no 
focus  can  be  had  which  brings  out  its  exact  structure.  In  addition 
we  have  a few  surface  apertures  in  fragmentary  masses  present,  but 
in  no  case  can  we  determine  the  species  to  which  these  Bryozoa 
belong.  We  believe,  however,  that  such  evidence  as  can  be  obtained 
from  a further  study  of  these  forms  will  result  in  indicating  their 
Lower  Silurian  age. 

Evidence  from  Additional  Organisms 

Several  problematical  specimens  occur  on  the  slides  which  ought 
to  be  included  in  this  survey,  even  though  it  is  impossible  to 
determine  their  character.  Some  of  these  may  be  diatoms  like 
the  oval,  lenticular  specimen  seen  on  slide  6 and  many  others,  but  we 

Ulrich,  Silurian  Bryozoa,  Geol.  Minn.,  v.  3,  pt  1,  1895,  pi.  II,  figs.  13-15,  and 
23,  24,  28  and  29. 
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do  not  think  diatoms  are  at  all  frequent  or  characteristic  of  this 
material  and  are  inclined  to  doubt  their  presence  for  several  reasons. 
As  far  as  we  know,  when  diatoms  exist  in  any  material,  it  is  always 
possible  to  get  many  types  and  abundant  examples  of  various  species 
if  not  genera  and  none  of  this  evidence  occurs.  One  cross  section  on 
slide  4 resembles  a crinoid  stem;  but  we  know  of  none  which  would 
measure  0.16  mm  in  diameter,  and  in  any  case  it  ought  to  be  sym- 
metrical, which  this  is  not.  Another  prismatic,  oval  and  very  large 
fossil  occurs  on  slide  4 which  may  also  be  a crinoid,  but  we  do  not  see 
how  it  can  be  such  and  possess  so  narrow  and  elongate  a form. 

Another  problematical,  perhaps  spongelike,  mass  is  seen  on  slide 
2 and  still  another  very  large  four-segmented,  thick-walled  specimen 
on  slide  4,  which  looks  as  though  it  might  be  an  arenaceous  foramini- 
feran,  like  Reophrax  or  Haplophragmium.  The  chambers  are  not 
connected,  however,  the  openings  are  irregular  and  do  not  seem  to 
be  present  toward  the  smaller  end  and  the  form  is  not  complete. 
Moreover,  the  septal  divisions  faintly  shown  are  oblique. 

No  satisfactory  evidence  can  be  obtained  as  to  the  age  represented 
by  the  miscellaneous  organisms  referred  to  above ; but  we  do  not  feel 
justified  in  ignoring  them  and  mentioning  only  material  we  can 
determine. 

Evidence  from  Foraminifera 

The  evidence  obtained  from  the  very  large  number  of  Foraminifera 
occurring  in  the  chert  is  both  negative  and  positive.  From  the 
negative  side  we  should  note  that  no  Fusulina  or  Endothyra  occur 
nor  do  any  of  the  late  typical  Carboniferous  species,  save  Nodo- 
saria  radicula,  become  abundant,  and  this  type  is  just  as 
representative  of  the  Silurian  or  Cambrian  as  it  is  of  the  Carboniferous. 

Taken  as  a whole  the  fauna  is  more  like  the  Trias,  for  we  find 
many  species  identical  with  those  of  the  Trias  of  Bakony  described 
by  Vadasz  and  referred  to  in  our  bibliography.  The  occurrence  of 
so  many  Globigerinae  and  Textulariae  is  not  surprising  as  these  genera 
are  among  the  oldest  known,  but  it  is  striking  that  we  find  such  a 
large  development  of  the  genus  Virgulina,  and  Bolivina  as  well.  We 
do  not  know  of  any  such  discovery  in  formations  so  primitive  as  these 
must  be,  and  did  not  suppose  that  Virgulina  occurred  in  Paleozoic 
horizons.  Pulvinulina  and  Rotalia  are  both  highly  organized  genera, 
the  latter  often  showing  a complete  interseptal  canal  system  such  as 
exists  in  Nummulina  and  Polystomella ; but  both  these  have  been 
recorded  from  the  Cambrian  of  Russia  and  described  by  Ehrenberg 
from  blue  clay  which  he  considered  Silurian,  but  which  is  now  known 
to  be  of  Lower  Cambrian  age.  There  is,  consequently,  no  reason 
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why  the  fossils  here  identified  can  not  belong  to  the  Cambrian  era. 
There  are  furthermore  several  Globigerinae  which  appear  to  be  iden- 
tical with  the  forms  described  by  Matthew  from  the  Middle  Cam- 
brian of  Hanford  Brook,  St  Martin’s,  N.  B. 

On  the  other  hand,  we  find  numerous  Lagenae  which  are  well 
known  from  the  Silurian  and  have  been  described  in  several  reports. 
Verneuilina  has  been  recognized  from  the  Cambrian  and  it  is  not 
impossible  that  some  of  the  Virgulina  or  Bulimina  — like  types  we 
have  identified  belong  to  this  genus,  but  this  is  not  likely.  We 
believe,  all  things  considered,  that  these  cherts  came  from  late 
Cambrian  and  early  Ordovician  formations,  with  the  greater  proba- 
bility that  they  are  Ordovician.  We  might  argue:  if  they  are  so 
highly  developed  and  in  such  profusion  why  not  place  them  in  the 
Devonian.  In  the  first  place,  we  do  not  find  many  Foraminifera  in 
that  era  and  no  typical  Devonian  species  like  Lagenulina  or  Fusulina 
are  known  among  this  group.  Many  of  the  Devonian  formations 
are  now  thought  to  have  been  either  terrestrial,  wind-blown  sands  or 
fresh  and  brackish  water  deposits;  and  in  some  cases,  like  the  horn- 
stone  of  the  Corniferous,  fresh  water  desmids  occur. 

Our  belief  is,  therefore,  that,  with  all  evidence  considered  both 
from  Foraminifera  and  other  organisms,  these  cherts  came  most 
likely  from  deposits  of  Ordovician  age.  If  from  other  evidence 
they  can  be  traced  to  Cambrian  we  would  not  be  surprised,  as  cer- 
tainly many  of  the  types  we  recognize  are  present  in  Cambrian  forma- 
tions. The  seas  were  of  considerable  depth  and  the  Foraminifera 
deposited  far  from  land.  The  waters  were  clear  and  free  from  much 
terrigenous  material.  These  facts  are  shown  in  the  very  minute, 
but  abundant,  Textulariae  and  Bolivinae,  genera  whose  shells 
were  built  of  delicate  hyaline  calcareous  material. 

A partial  bibliography  of  the  works  most  helpful  in  this  study  is 
given  below. 
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On  Some  Foraminifera  from  the  North  Atlantic  and  Arctic  Ocean,  etc.  Parker  & 
Jones,  Phil.  Trans.,  1865,  v.  55 


Outline  Classification  of  the  Foraminifera  Identified  in  the  Bona- 

venture  Cherts 


Subkingdom  — Protozoa 


Class  — Rhizopoda 
Order  — Foraminifera  (Reticularia) 
Family  V — Textulariidae 
a Subfamily  — Textulariinae: 

Genus,  Textularia 

“ Verneuilina 

“ Valvulina. 

b Subfamily  — Bulimininae 

Genus,  Bulimina 

“ Virgulina. 

u Bolivina 

Family  VII  — Lagenidae 
a Subfamily  — Lageninae 

Genus,  Lagena 

b Subfamily  — Nodcsariinae 

Genus,  Nodosaria 

“ Cristellaria,  ? 

c Subfamily  — Polymorphininae 

Genus,  Polymorphina 

Family  VIII  — Globigerinidae 

Genus,  Orbulina 

“ Globigerina 

Family  IX  — Rotalidae 
b Subfamily  — Rotaliinae 

Genus,  Discorbina  (Discorbis) . 

“ Truncatulina 

“ Anomalina 

il  Pulvinulina 

“ Rotalia 


5 species 
1 “ ? 

1 (possibly  2) 

2 species 

3 “ possibly  4 


3 species 

3 species 

2 “ 

3 species 
3 species 

7 “ 

1 species 
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DESCRIPTION  OF  SPECIES 

Genus,  TEXTULARIA  Defrance 

The  genus  Textularia,  in  early  writings  often  spelled  Textilaria, 
is  remarkably  well  represented  in  the  Bona  venture  cherts  by  at  least 
five  species.  Textularia  globulosa  Ehr.  predominates 
and  on  slide  5 constitutes  the  most  frequent  type  of  any  Foraminifera 
present.  With  the  exception  of  Textularia  trochus  d’Orb., 
all  species  of  this  genus  are  extremely  minute  and  indicate  the 
delicate  calcareous  and  hyaline  varieties  suggesting  rather  deep- 
water conditions.  Between  these  tiny  T.  globulosa  and  T. 
trochus  lies  an  intermediate  sized  form  T.  gramen  d’Orb., 
but  this  is  narrower  and  less  coarsely  constructed  than  most  speci- 
mens belonging  to  this  species. 

Textularia  is  one  of  the  earliest  types  of  Foraminifera  to  develop 
and  has  been  recognized  in  every  geologic  period  from  the  lowest 
Cambrian  to  the  present.  Professor  Brady  in  his  monograph  on 
The  Carboniferous  and  Permian  Foraminifera  describes  five  species 
of  Textularia  from  those  formations.  We  are  not  aware,  however, 
of  so  many  perfect  types  ever  having  been  identified  in  Lower  Paleo- 
zoic strata  such  as  we  are  studying;  but  our  investigations  only  prove 
what  we  have  long  suspected,  that  given  favorable  conditions  for 
silicification  these  primitive  organisms  will  be  found  represented  by 
many  genera  in  Cambro-Silurian  eras. 

Textularia  gibbosa  d’Orbigny 

Plate  1,  figures  i,  2 a,  b 

Textularia  gibbosa  d’Orbigny,  1826,  Ann.  Sci.  Nat.,  7:  262,  no.  61 

Textularia  gibbosa  Brady,  1876,  Pal.  Soc.,  vol.  for  1876,  p.  131, 
pi.  X,  fig.  36 

Textularia  g i b b o s a Jones,  Pal.  Soc.,  vol.  for  1895,  p.  152,  pi.  Ill, 
figs.  10-13,  and  pi.  V,  figs.  13,  14 

The  comparatively  large,  coarsely  constructed  Textularia  seen  on 
slide  1 belongs  to  a very  different  type  of  Textularia  than  the  more 
common,  delicate,  globular  chambered  forms  seen  in  all  of  these 
cherts.  The  cross  section  of  one  or  two  other  few-chambered, 
rapidly  enlarging,  stout  forms  would  give  almost  the  same  appear- 
ance when  seen  in  thin  section.  This  would  also  be  true  of  the 
ultimate  chambers  of  Gaudryina;  but,  because  the  distal  segments 
are  lacking  in  our  specimen,  whether  it  is  irregular  in  these  primordial 
chambers  or  not  can  not  be  determined,  and  we  believe  the  form  is  a 
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true  Textularia  of  unusual  dimensions.  The  width  of  the  ultimate 
segments  measures  0.3  mm,  but  its  length  is  unknown. 

Textularia  gibbosa  is  common  as  a Tertiary  fossil  and  is  inter- 
mediate between  larger,  longer  and  coarser  T.  agglutinans 
and  the  delicate,  elongate,  multichambered  T.  globulosa. 
Good  illustrations  and  descriptions  are  given  by  Brady  in  his  Mono- 
graph on  Permian  and  Carboniferous  Foraminifera.  Brady’s 
specimens  came  from  both  Lower  and  Upper  Carboniferous  horizons 
of  Scotland,  Russia  and  Belgium. 


Textularia  globulosa  Ehrenberg 

Plate  1,  figures  3,  4 a,  b,  c 

Textilaria  globulosa  Ehrenberg,  1838,  Abhandl.  Akad.  Wiss.  Berlin, 
p.  135,  pl-  iv,  fig.  b (and  others) 

Textilaria  globulosa  Ehrenberg,  1 854,  Mikrogeologie,  p.  21,  87, 
pl.  xxv,  fig.  I,  a,  b,  and  pl.  xxiii,  figs.  3-6,  etc. 

Textilaria  g 1 o b i f e r a Reuss,  i860,  Sitz.  Akad.  Wiss.  Wien,  v.  xl, 
p.  23,  p.  232,  pl.  xiii,  figs.  7a,  8 

Textularia  g 1 o b u 1 o s a Jones,  1895,  Paleont.  Soc.,  19:  155,  pl.  vi, 
figs.  18,  a-c 

There  are  many  very  minute,  few-chambered,  Textulariae  belong- 
ing to  this  species  present  on  every  slide  examined  and  they  are  espec- 
ially abundant  on  slide  5.  There  are  but  four  or  five  segments 
present  in  each  series  with  thin,  delicate  walls  separated  by  well- 
marked  and  somewhat  depressed- sutures.  Some  sections  show  as 
many  as  six  in  a series  but  the  usual  number  seems  to  be  four. 
In  one  cross  section  we  find  a form  almost  triserial,  with  two  or  three 
chambers  lying  midway  over  the  biserial  segments;  but  I think 
this  is  due  to  secondary  filling  as  the  chamber  is  not  uniformly  or 
evenly  modified  and  the  triserial  arrangement  is  not  regular,  as 
would  be  the  case  were  the  species  Gaudryina  or  Valvulina.  The 
specimen  is  too  minute  to  resemble  the  coarser  Gaudryina  type. 
Cross  sections  longitudinally  measure  from  0.09  to  0.12  mm  in  most 
slides,  but  they  vary  perhaps  more  than  this  if  all  sections  were  care- 
fully measured. 

Textularia  globulosa  was  not  found  on  the  Challenger 
expedition  and  it  does  not  seem  to  occur  in  existing  oceans.  It 
is,  however,  recorded  from  the  Cretaceous  of  Minnesota  (Woodward) 
and  we  have  identified  it  from  the  New  Jersey  Cretaceous.  It  is 
rather  singular  that  Brady  did  not  report  its  presence  in  his  Carboni- 
ferous monograph  as  he  identified  so  many  Textulariae  of  that  age. 
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Textularia  gramen  d’Orbigny 

Plate  1,  figures  5,  6 

Textularia  gramen  d’Orbigny,  1846,  Foram.  Foss.  Vienne,  p.  248, 
pi.  xv,  figs.  4-6 

Textularia  gramen  d’Orbigny  is  typically  a short,  thick,  few- 
chambered  form  closely  related  to  T.  hauerii  and  T.  abbre- 
v i a t a.  On  slide  4 we  find  what  appears  to  be  a narrow  form  of 
this  species  but  it  is  probably  cut  a little  diagonally  as  one  side  is 
not  very  distinct.  A better  illustration  but  not  complete,  is  found  on 
slide  5 (X). 

The  segments  of  this  form  are  less  globose  than  in  T.  g 1 o b u- 
1 o s a ; and  it  is  more  coarsely  constructed.  It  is  best  known  as  a 
Tertiary  fossil.  In  the  Bonaventure  cherts  this  species  is  rare,  the 
most  abundant  form  being  T.  globulosa  Ehrenberg.  The 
specimen  represented  on  slide  4 measures  0.14  mm  in  length  and  the 
more  typical  specimen  on  slide  5 (X),  but  0.08  mm. 


Textularia  pupa  Reuss 

Plate  1,  figures  7,  8a,  b 

Textularia  pupa  Reuss  i860,  Sitz.  Akad.  Wiss.  Wien,  p.  232,  pi.  13, 
figs.  4,  5.  (Textilaria) 

On  slide  3 occurs  a cross  section  of  a very  minute  textularian 
resembling  T.  globulosa  in  outline  but  with  its  segments  less 
arched  and  the  ultimate  chamber  a little  angular.  The  septa  are 
narrow,  curving  less  than  in  globulosa,  and  the  form  corresponds 
to  Textularia  pupa  Reuss  from  the  Cretaceous  of  Westphalia. 

This  species  must  be  considered  very  closely  related  to  the  more 
abundant  form  T.  globulosa  but  can  be  distinguished  from 
this  by  its  septa,  greater  proportional  width  and  mere  flattened 
segments.  The  form  on  slide  3 consists  of  but  four  and  three  chambers 
in  each  series  and  measures  but  0.10  mm  in  length  and  belongs  to  the 
hyaline,  delicate- walled  textularian  type  which  seems  greatly  to 
predominate  in  these  cherts.  In  fact,  we  doubt  whether  any  other 
Textulariae,  save  the  T . g i b b o s a , of  these  cherts  were  originally 
built  of  anything  but  pure  calcareous  matter,  suggesting  rather 
deep  oceans  free  from  shore  sediments.  A less  typical  specimen  is 
found  on  slide  5. 
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Textularia  trochus  d’Orbigny 

Plate  i,  figures  9,  10a,  b 

Textularia  trochus  d’Orbigny,  1840,  Mem.  Soc.  Geol.  France,  4: 
45,  pl-  IV,  figs.  25,  26 

Textularia  trochus  Jones,  Parker  & Brady,  1865,  Pal.  Soc.,  19:  150, 
pl.  iii,  figs.  17,  18 

Textularia  trochus  Vad&sz,  1910,  Triasforam.  aus  dem  Bakony, 
p.  14,  pl.  I,  fig.  5 and  fig.  2 in  text 

The  transverse  section  shown  by  Vadasz  (loc.  cit.)  to  illustrate  the 
arrangement  of  the  segments  could  easily  be  used  for  a drawing  of 
our  specimen  of  this  large  Textularia  found  on  slide  5 (X). 

The  shell  is  short,  stoutly  built  and  of  coarse  construction,  very 
different  from  the  many  minute  delicate  and  beautiful  Textularia 
globulosa  found  in  these  cherts  so  abundantly.  The  segments 
offset  somewhat  alternately  as  if  not  truly  apposed,  the  hollow 
cavity  within  dovetailing  above  and  below  each  chamber.  The 
sutures  are  almost  flush  and  the  chambers  are  narrow  and  horizontal, 
not  arched  as  in  many  other  Textulariae.  This  is  one  of  the  most 
symmetrical  of  all  the  genus  and  widens  rapidly  but  very  symmetri- 
cally from  a rather  blunt  base  which  in  some  forms  draws  down  to 
a rather  sharp  extremity.  There  are  but  few  segments,  apparently 
about  seven  or  eight  in  our  specimen  in  each  series,  but  those  at  the 
distal  end  are  indistinct.  The  length  of  this  specimen  measures 
0.35  mm.  The  oral  end  is  centrally  depressed  and  the  entire  form 
may  lack  another  chamber,  but  probably  does  not  as  the  section 
seems  pretty  evenly  cut.  The  walls  are  very  thick  except  on  the 
border  and  along  the  central  portion  of  the  shell. 

This  form  must  have  been  finely  arenaceous,  as  it  has  such  a coarse, 
massive  structure  and  is  so  very  different  from  the  Textularia 
globulosa  Ehr.  with  its  hyaline  appearance.  The  Trias  forms 
figured  by  Vadasz  were  twice  the  size  of  this  chert  specimen  and 
measured  in  length  0.60  mm.  This  form  occurs  in  the  Cretaceous 
rather  frequently  as  well  as  in  many  Tertiary  deposits.  Jones 
reports  the  species  as  having  wide  distribution  in  existing  oceans  in 
shallow  waters,  especially  among  coral  sands. 

There  are  three  Textulariae  which  are  rather  closely  allied  to 
Textularia  trochus,  namely  T.  turris,  T.  conic  a, 
and  T . b a r r e t i i , but  the  last  is  much  more  elongated  with 
labyrinthic  interior,  T.  turris  is  more  coarsely  constructed  as 
well  as  more  elongate,  while  T.  c o n i c a is  very  short,  more  or  less 
compressed  and  the  walls  are  thin.  There  is  also  some  difference  in 
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the  shape  of  the  ultimate  chambers  in  all  these  related  conical  Textu- 
lariae,  but  not  a sufficient  difference  to  distinguish  each  species. 
In  existing  types  T.  trochus  measures  a distance  across  almost 
as  great  as  the  length  of  the  shell,  but  this  does  not  hold  true  for  all 
fossil  forms.  In  our  example  the  width  of  the  anterior  end  is  0.23, 
as  against  a length  of  0.35  mm. 


Genus  VALVULINA  d’Orbigny 

The  genus  Valvulina  has  hitherto  been  supposed  to  be  limited 
to  the  Carboniferous  and  succeeding  horizons.  Prof.  H.  B.  Brady 
identified  many  forms  of  this  triserial  foraminiferan  in  the  Carboni- 
ferous of  Europe;  Mr  Chapman  in  the  Portland  Oolite  (Stramberg 
limestone) ; and  it  is  an  unusual  type  in  existing  oceans.  On  slide  1 
is  a very  large,  almost  circular,  thick- walled  foraminiferan  which  I 
think  must  belong  to  this  genus  but  we  can  not  of  course  identify  the 
species  as  we  have  no  vertical  section  of  the  same  fossil. 


Valvulina  sp. 

Plate  1,  figures  n and  12  (another  species) 

The  form  identified  doubtfully  as  Valvulina  (slide  i ; see  figure  1 1) 
is  very  large,  measuring  0.42  mm  across  its  nearly  circular  test.  There 
are  but  five  transverse  segments  present,  and  each  is  separated  by 
heavy,  thick,  arched  septa  becoming  still  more  massive  at  the  peri- 
phery. We  know  of  no  rotaline  form  so  large  and  massive  which 
could  furnish  so  circular  a section.  Valvulina  paleotro- 
c h u s (Ehrenberg)  described  by  Professor  Brady  in  his  Carboniferous 
Monograph  would  closely  approximate  this  type.  Valvulina 
allomorphinoides  Reuss  would  show  the  same  number  of 
segments,  but  the  figured  form  of  Reuss  is  not  round  and  its  margin 
is  slightly  limbate,  as  in  figure  12.  We  do  not  seem  to  find  very 
many  species  identical  with  the  European  Carboniferous;  and  such 
types  as  would  most  certainly  occur  if  we  had  Carboniferous  Foram- 
inifera,  like  Fusulina  and  Endothyra,  are  entirely  lacking.  However, 
we  provisionally  place  this  specimen  under  Valvulina  and  also  the 
specimen  shown  in  figure  12,  but  they  can  not  be  further  identified 
until  other  sections  reveal  the  lateral  form.  It  is  strange  that  if  this 
genus  were  common  we  do  not  find  other  types  cut  so  that  they  reveal 
its  true  character.  Possible  small  types  are  seen  also  on  slides  4 
and  5. 
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Genus  VERNEUILINA  d’Orbigny 

Verneuilina  is  a triserial  foraminiferan  with  textularian  aperture. 
It  is  often  triangular  in  outline  with  edges  sharp,  but  its  test  is  coarsely 
constructed  in  recent  forms  as  in  the  larger  arenaceous  genera.  There 
are  comparatively  few  segments,  arched  above  and  resembling 
Textularia  in  the  arrangement  of  each.  This  genus  has  been  reported 
(Ehrenberg)  from  the  Lower  Cambrian  of  Russia;  but  it  is  best  known 
as  a Cretaceous  and  Tertiary  fossil,  and  a small  number  of  forms  exist 
today.  We  are  not  positive  that  this  genus  is  present  in  the  Bona- 
venture  chert,  but  either  the  transverse  sections  assigned  to  this 
genus  are  Verneuilina  or  they  belong  to  Bulimina,  which  would  show 
a similar  outline.  The  size  of  the  silicified  test  would  not  be  sufficient 
to  separate  the  two,  but  we  are  inclined  to  consider  only  the  larger 
forms  as  probable  representatives  of  Verneuilina.  Fossilization 
such  as  these  forms  suffered  would  perhaps  replace  finely  arenaceous 
material  with  colloidal  homogeneous  silica  such  as  that  which  both 
these  types  now  possess.  It  is  even  possible,  though  not  probable, 
that  the  forms  we  have  placed  under  Bulimina  were  of  this  genus; 
but  unless  some  means  can  be  discovered  to  determine  the  position 
and  shape  of  the  aperture,  such  problematical  relations  can  not  be 
determined.  Cross  and  transverse  sections  would  not  indicate  the 
aperture,  and  in  no  case  do  we  find  the  necessary  evidence  to  make 
certain  our  identification.  We  are  therefore  provisionally  placing 
all  such  forms  under  one  species,  Verneuilina  pygmaea 
(Egger). 

Verneuilina  pygmaea  (Egger) 

Plate  2,  figures  i a,  b;  2 a,  b 

Bulimina  pygmaea  Egger,  1857,  Neues  Jahrb.  fur  Miner,  p.  284, 
pi.  xii,  figs.  10,  1 1 

Verneuilina  pygmaea  Brady,  1884,  Chal.  Rept.,  9:  385,  pi.  xlvii, 
figs.  4-7 

The  close  relationship  between  the  two  forms  Bulimina  and  Ver- 
neuilina is  suggested  by  the  fact  that  this  type  was  originally  wrongly 
placed  under  the  former  genus.  The  species  designated  pygmaea 
is  short,  stoutly  built  and  with  few  chambers.  These  are  globose  and 
projecting  and  widely  expanding  above.  Cross  sections  would 
therefore  closely  resemble  Bulimina  pupoides  which  we 
believe  occurs  in  the  chert.  We  are  assigning  to  the  genus  Verneui- 
lina a few  doubtful  rather  large  forms  whose  transverse  sections  may 
perhaps  belong  to  this  genus.  It  seems  to  the  writer  all  the  more 
probable  since  Verneuilina  is  known  from  the  Cambrian  while  Buli  • 
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mina  has  never  been  so  reported.  Without  the  position  and  shape  of 
the  aperture  such  types  could  not  be  separated  in  rock  slides. 

The  best  illustrations  of  the  genus  are  found  on  slides  2,3,4  and  5 
(X) . On  slide  5 the  form  is  cut  vertically  and  reveals  a partial  seg- 
ment at  both  extremities;  the  separation  and  size  of  the  segments 
are  very  suggestive  of  Verneuilina. 

Genus  BULIMINA  d’Orbigny 

The  genus  Bulimina  consists  of  an  elongated,  spiral  textularian 
form  in  which  the  final  segments  are  large  and  overlapping  and  its 
serial  development  never  symmetrical  as  in  its  related  subvarieties 
Virgulina  and  Bolivina.  This  form  has  been  identified  in  the  Triassic 
and  every  succeeding  formation,  but  it  increases  in  the  Tertiary 
where  many  species  are  known.  We  do  not  find  this  genus,  however, 
recorded  in  Lower  Paleozoic  strata;  but,  since  both  its  relatives 
Virgulina  and  Bolivina  occur  rather  frequently  in  these  cherts,  it  is 
not  at  all  unlikely  that  the  irregularly-built  Buliminae  are  also  present. 
We  find  a few  sections  quite  similar  to  those  Buliminae  inhabiting 
Arctic  waters  today,  but  they  are  small,  somewhat  imperfect  and 
very  difficult  to  be  positive  about.  Bulimina  shows  more  sphaeroidal 
segments  than  its  congenitor  Virgulina,  so  well  developed  on  slide  2. 
The  walls  of  both  these  genera  are  thin,  hyaline  and  originally  must 
have  resembled  those  of  the  Cretaceous  varieties  which  we  would 
expect  to  exist  in  rather  deep  water.  These  are,  however,  much 
smaller  than  the  usual  fossil  types,  the  specimen  we  provisionally 
place  under  B.  p y r u 1 a measuring  but  0.08  mm  in  length. 

Bulimina  pupoides  d’Orbigny 

Plate  2,  figures  3,  4 

Bulimina  p u p o i d e s d’Orbigny,  1846,  Foram.  Foss.  Vienne,  p.185, 
p.  xi,  figs.  13,  14 

Bulimina  pupoides  Williamson,  1858,  Recent  Foram.  Great  Britain, 
p.  62,  pi.  v,  figs.  124,  125 

Bulimina  pupoides,  Bagg,  19.05,  U.  S.  Geol.  Survey,  Bui.  268,  p.  22, 
pi.  iii,  fig.  2 

Bulimina  pyrula  has  been  reported  from  the  Trias  but 
we  do  not  know  of  an  earlier  occurrence  of  the  genus  Bulimina. 
It  is  possible  that  we  have  wrongly  identified  Bulimina 
pupoides  d’Orbigny,  which  appears  in  transverse  section  on 
slide  2 (see  also  slide  i),  as  no  triserial,  bulimine  type  can  be  satis- 
factorily determined  in  cross  section.  However,  the  form  in  question 
shows  bulimine  growth,  overlapping,  shortened  segments  with 
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depressed  margins  and  few  segments,  as  often  seen  in 
B.  pupoides.  There  are  no  distinct  intermediate  segments 
such  as  I should  expect  in  triserial  types,  but  the  irregularity,  the 
general  contour  and  disposition  of  segments  seem  to  justify  the 
placing  of  this  specimen  under  a true  Bulimina  and  near  B. 
pupoides  d’Orbigny. 

The  species  has  been  recorded  in  the  Cretaceous  of  Minnesota; 
but  if  the  present  determination  is  correct,  the  genus  is  present 
in  the  Lower  Paleozoic. 

Bulimina  pyrula  d’Orbigny 

Plate  2,  figures  5,  6 

Bulimina  pyrula  d’Orbigny,  1846,  Foram. Foss  Vienne,  p.  184,  pi.  xi, 
figs.  9,  10 

Bulimina  pyrula  (var.  of  Bulimina  presli,)  Parker  & 
Jones,  1865,  Phil.  Trans.,  155:  372,  pi.  xv,  figs.  8,  9 

The  section  found  on  slide  i near  Pulvinulina  miche- 
1 i n i a n a (d’Orbigny)  shows  four  or  five  segments  in 
unsymmetrical  biserial  development.  The  section  is  problematical, 
but  seems  to  represent  this  species,  although  we  can  not  be  positive 
without  further  material  for  study.  There  are  several  reasons  why, 
however,  this  is  probably  correct.  In  the  first  place  B . pyrula 
has  a long  geologic  history,  being  known  from  early  Trias  down 
to  the  present,  and  is  found  in  every  horizon  from  the  base  of  the 
Mesozoic  up.  Again,  this  is  a somewhat  more  simply  built  type 
than  the  more  elongate,  triserial,  overlapping  forms  of  the  Tertiary; 
and,  third,  two  related  subgenera  are  present  in  considerable 
numbers.  Furthermore,  this  species  is  of  wide  geographic  range 
today,  and  is  known  from  shallow  waters  down  to  depths  of  nearly 
3000  fathoms. 

Genus  VIRGULINA  d’Orbigny 

The  genus  Virgulina  was  founded  by  d’Orbigny  to  include  those 
intermediate  forms  between  Bulimina  and  Bolivina.  Bolivina  is 
biserial  as  in  Textularia,  but  its  aperture  is  a narrow  arched  slit 
facing  downwards  and  situated  at  or  just  below  the  distal  margin. 
In  Virgulina  and  Bulimina  it  is  often  some  distance  below,  and  on 
the  inner  face  of  the  ultimate  segment.  In  Bolivina  the  test  is 
symmetrical  and  biserial,  while  in  Virgulina  the  shell  elongation 
often  gives  place  to  either  very  irregular,  arched,  biserial  seg- 
mentation, or  it  assumes  a unicellular  alternate  growth  something 
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like  Pleurostomella  from  which  genus  it  is  sharply  defined  by  its 
septal  arrangement  and  different  primordial  chambers.  Bulimina 
is  often  triserial,  but  in  its  unsymmetrical  serial  extension  it  resembles 
Virgulina.  Moreover,  in  living  forms  Virgulina  is  a delicate,  hyaline, 
thin- walled,  calcareous  foraminiferan  like  Bolivina,  while  Bulimina 
is  often  larger,  thicker  shelled,  and  more  roughly  constructed  than 
the  former.  All  Bulimina  types,  however,  show  wide  variation  in 
their  arrangement  of  chambers,  which  is  always  more  or  less  complex 
and  overlapping.  This  is  true  of  Virgulina,  which  changes  from 
biserial  to  uniserial  growth  and  shows  the  most  widely  divergent 
irregularity  in  the  symmetry  of  its  chambers.  In  Bolivina  there 
are  usually  a large  number  of  segments  and  they  are  of  uniform  size 
as  they  unfold.  In  Virgulina,  however,  these  do  not  match  but 
overlap  irregularly  and  unevenly  and  are  much  more  strongly 
arched  when  shown  in  cross  sections. 

Bolivina  and  Bulimina  are  both  known  from  early  Trias  deposits; 
but  Virgulina  has,  as  far  as  we  are  aware,  never  been  recorded  in 
Lower  Paleozoic  strata.  It  has  been  recorded  from  the  Cretaceous 
chalk,  becomes  more  frequent  in  the  Tertiary,  and  exists  today  in 
worldwide  oceans  without  regard  to  depth  or  latitude.  We  recognize 
several  species  of  this  unique  genus  in  the  Bonaventure  chert  and 
the  following  illustrations,  chiefly  from  slide  2,  indicate  the  general 
construction  of  the  species  which  in  a measure  are  so  closely  related 
that  they  are  to  be  regarded  rather  as  subspecies  than  widely 
* divergent  forms. 


Virgulina  schreibersiana  Czjzek 

Plate  2,  figures  7,  8 

Bulimina  presli  var.  (Virgulina)  schreibersii,  Parker  & 
Jones,  1865,  Phil.  Trans.,  155:  375,  pi.  xv,  fig.  18,  pi.  xvii,  figs.  72,  73 

Virgulina  s c h r e i b e r s i a n a Go  2s,  1894,  K.  Sv.  Vet.  Akad.  Handl., . 
v.  25,  no.  9,  p.  48,  pi.  ix,  figs.  459;  461-72 

It  is  with  some  difficulty  that  this  species  is  separated  from  the 
closely  related  form,  V.  squamosa  d’Orbigny,  when  viewed 
in  transverse  section.  It  is  however,  somewhat  more  rounded  at 
the  primordial  end,  consists  of  fewer  chambers  and  the  segments 
are  almost  uniserial  above  with  more  pronounced  depressions  at  the 
sutures.  There  are  but  five  segments  in  one  of  the  forms  identified, 
while  seven  or  eight  occur  inV.  squamosa  on  the  same  slide. 
The  form  described  by  Jones,  1895  (Pal.  Soc.,  49:166,  pi.  vi,  fig.  20) 
under  the  varietal  name  obesa,  according  to  our  opinion  belongs  here. 
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Virgulina  squamosa  d’Orbigny 

Plate  2,  figures  9,  10 

Virgulina  squamosa  d’Orbigny,  1826,  Ann.  Sci.  Nat.,  7:  267,  no.  1, 
Modele,  no.  64 

Virgulina  squamosa  Goss,  1894,  K.  Sv.  Vet.  Akad.  Handl.,  v.  25, 
no.  9,  p.  47,  pi.  ix,  figs.  454-56  and  460 

This  species  is  similar  to  Virgulina  schreibersiana 
Czjzek;  but  it  has  more  segments  and  is,  as  a rule,  more  apiculate, 
while  its  later,  rapidly  enlarged,  irregular  segments  become  nearly 
biserial. 

There  are  eight  chambers  in  the  form  selected  from  slide  2 to 
illustrate  this  species  and  the  margin  is  more  or  less  limbate.  We 
believe  that  this  species  is  more  representative  and  abundant  than 
either  of  the  two  included  with  it. 

Virgulina  subsquamosa  Egger 

Plate  2,  figures  n,  12 

Virgulina  s u b s q u a m o s a Egger,  1857,  Neues.  Jahrb.  fur  Miner., 
p.  295,  pi.  xii,  figs.  19-21 

Virgulina  subsquamosa  Goes,  1894,  K.  Sv.  Vet.  Akad.  Handl., 
v.  25,  no.  9,  p.  49,  pi.  ix,  figs.  473-74 

A six-chambered  transverse  section  of  slide  2 appears  to  belong 
here.  This  is  to  be  regarded  as  a subvariety  only  of  V. 
squamosa  in  which  the  ends  are  rounded;  inV.  squamosa 
the  distal  margin  is  sharp  and  almost  apiculate. 

Virgulina  sp. 

Plate  2,  figure  13 

On  slide  3 occurs  a symmetrically,  rapidly  expanding  Virgulina 
which  we  are  unable  to  place,  as  all  published  types  of  this  genus 
seem  to  be  relatively  narrow  in  proportion  to  length.  This  shell 
is  acuminate  but  the  widely  expanded  anterior  end  is  like 
Textularia  trochus.  The  ultimate  chamber  is  arched 
but  somewhat  angular  and  we  believe  the  form  has  never  been 
described.  As  it  is  impossible  to  determine  its  entire  construction, 
we  do  not  wish  to  give  it  a specific  name.  The  shell  measures  in 
length  0.25  mm  and  0.13  mm  across  its  oral  extremity. 

Genus  BOLIVINA  d’Orbigny 

The  genus  Bolivina  has  already  been  discussed  under  Virgulina 
and  compared  with  its  relatives  Bulimina  and  Textularia.  It  is  a 
smaller  type  than  Textularia,  from  which  it  differs  always  by  its 
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aperture.  The  shell  is  finely  punctate  and  delicate  in  segmentation ; 
and  cross  sections  of  this  genus  can  be  separated  from  the  more 
common  textularian  type,  even  though  the  distinctive  feature  of 
the  aperture  is  lacking. 

This  type  is  one  of  the  oldest  of  all  Foraminifera  and  was  described 
by  Ehrenberg  from  the  “Silurian  Clay”  of  St  Petersburg,  now 
known  to  be  of  Lower  Cambrian  age.  We  identify  two  types  of 
this  genus  in  the  Bonaventure  chert,  but  they  are  not  typical  of 
either  species  to  which  they  are  assigned.  The  shorter,  widely 
expanding  form  may  possibly  be  new;  this  is  discussed  under  the 
description  of  the  form.  One  of  these  species,  B.  reticulata 
Hantken,  was  found  in  strata  of  Triassic  age  and  described  by 
Vadasz  in  his  report  on  the  Trias  Foraminifera  from  Bakony. 

Bolivina  dilatata  Reuss 

Plate  3,  figures  1,  2 

Bolivina  dilatata  Reuss,  1849,  Denkschr.  Akad.  Wiss.  Wien,  1: 
381,  pi.  xlviii,  fig.  15 

Bolivina  d i 1 a t a t a Goes,  1894,  K.  Sv.  Vet.  Akad.  Handl.,  v.  25, 
no.  9,  p.  50,  pi.  ix,  figs.  482-86 

Bolivina  dilatata  Brady,  Parker  & Jones,  1888,  Trans.  Zool.  Soc., 
12:  221,  pi.  xliii,  figs.  3 and  6 

We  find  on  slide  6 a short,  widely  oval,  few-chambered  Bolivina. 
This  type  does  not  correspond  exactly  with  any  published  figures 
as  far  as  we  are  aware  for  several  reasons,  and  we  are  inclined  to 
consider  it  a new  type.  The  form  nearest  to  this  species,  so  far 
as  we  know,  is  Bolivina  reticulata  Hantken.  It  also 
resembles  closely  in  outline  B . tenuis,  Brady  (Challenger 
Report),  but  the  latter  has  a complex  internal  segmentation  not 
present  among  simple  bolivine  forms.  The  B.  dilatata  of 
the  texts  has  many  chambers,  and  it  expands  toward  the  distal 
chamber  like  a Textularia,  to  which  genus  Bolivina  is  related.  The 
segments  are  not  quite  complete  and  sure  of  identification  so  that 
it  is  difficult  to  place  this  form  with  certainty.  The  gracefully 
arched  segments  narrow  toward  the  margin,  and  this  constriction 
is  not  so  marked  inB.  dilatata. 

It  is  more  likely  that  this  is  a primitive  type  of  form  which  devel- 
oped into  symmetrical,  elongated,  rapidly  widening  Bolivinae  of 
later  geologic  horizons.  The  form  would  merit  a new  name  if  the 
surface  features  and  full  structure  could  be  made  out.  The  distal 
end  is  sharp  and  almost  apiculate;  the  anterior,  well  rounded,  oval 
and  measures  0.18  mm  in  length  and  0.16  mm  in  width,  which  is 
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very  different  from  the  type  B . d i 1 a t a t a Reuss.  Perhaps 
a more  typical  specimen  is  one  of  the  two  Bolivinae  seen  on  slide  6 
in  close  proximity.  Other  specimens  are  shown  on  slides  i and 
5 (X),  the  latter  being  the  one  figured. 

Bolivina  punctata  d’Orbigny 

Plate  3,  figures  3,  4 

Bolivina  punctata  d’Orbigny,  1839,  Poran.  Amer.  Merid.,  p.  61,  pi. 
viii,  figs.  10-12 

Bolivina  punctata  Vadisz,  1910,  Triasforam.  aus  dem  Bakony, 
p.  15,  pi.  1,  fig.  7 

In  addition  to  the  stoutly  built  and  wide  spreading  Bolivinae 
there  occur  two  or  three  delicate,  still  more  minute,  Bolivinae  which 
seem  to  belong  to  B.  punctata.  The  only  doubt  lies  in  the 
small  number  of  chambers,  as  most  examples  ofB.  punctata 
carry  many  chambers  in  each  series.  Two  of  our  types  show  but 
five  segments  in  a series,  while  many  forms  of  this  species  show 
from  seven  to  twelve  or  more.  The  best  example  we  have  of  this 
species  measures  but  o.io  mm  in  length. 

It  is  not  so  common  as  B.  dilatata,  but  is  a type  which 
has  been  found  in  Triassic  and  later  horizons.  It  appears  to  be 
wanting  in  the  Carboniferous  of  Europe. 

Bolivina  sp  . . . . perhaps  B.  reticulata  Hantken 

Plate  3,  figures  5-7 

On  slide  6 (see  figure  5),  near  the  northeast  corner,  is  a cross 
section  of  Bolivina  which  has  five  widely  inflated  segments  in  each 
series,  strongly  overlapping  and  highly  arched  on  their  extremity 
so  that  the  outline  closely  resembles  Bolivina  reticulata 
Hantken,  but  also  Bolivina  dilatata  Reuss,  though  both 
of  these  species  have  more  chambers  in  each  series  than  does  the 
present  type.  We  are  inclined  to  think  that  this  is  a new  species 
of  Bolivina  though  it  may  be  a variety  of  either  of  the  above.  We 
shall  consider  it,  however,  a variety  of  B.  reticulata  as  the 
reticulate  surface  might  not  show  in  cross  section.  In  length  the 
specimen  measures  0.26  mm. 

Genus  LAGENA  Walker  & Boys 

Several  species  of  this  simple  unicellular  foraminiferan  are  known 
in  Upper  Cambrian  deposits.  A few  of  these  were  described  by 
Mr  F.  Chapman  in  his  report  on  the  Foraminifera  of  the  Malverns1 

!On  Upper  Cambrian  Foraminifera  from  the  Malverns;  and  on  Some  of  the 
Earliest  Knew?,  Foraminifera.  Quar.  Jour.  Geol.  Soc.,  1900,  56:  257-63. 
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and  a number  have  been  recognized  and  described  from  the  Silurian.1 
At  least  two  of  the  species  mentioned  in  the  above  reports  are  present 
in  these  cherts,  namely  Lagena  globosa  (Montagu)  and 
L.  laevis  (Montagu).  If  we  attempted  to  separate  the  speci- 
mens from  slight  modifications  in  the  shell  contour  we  should  have 
one  or  two  additional  species  but  it  seems  best  to  include  such  under 
synonyms  of  the  principal  types.  In  the  Bonaventure  chert  Lagena 
is  never  an  abundant  fossil  and  it  does  not  usually  show  its  true 
lagenine  aperture  or  phialine  neck;  but  there  is  one  cross  section 
on  slide  2 which  shows  such  extension  and  makes  more  positive  the 
identification  of  the  genus  and  species. 

It  is  not  at  all  impossible  that  the  so-called  O r b u 1 i n a 
o v a 1 i s Matthew  from  the  Cambrian  of  Hanford  Brook,  St 
Martin’s,  New  Brunswick,  is  a Lagena,  for  existing  Orbulinae  are, 
so  far  as  we  know,  truly  globular  in  cross  section  even  when  an 
internal  chamber  exists  within  its  outer  sphere.  Some  help  in 
distinguishing  these  can  be  obtained,  however,  from  the  comparative 
size  of  these  forms,  as  Lagenae  are  minute  and  the  Orbulinae  much 
larger  and  with  larger  pores  as  well  as  thicker  shell. 

We  also  identify  what  appears  to  be  Orbulina  ovalis 
Matthew,  which  is  a larger  type  than  Lagena;  but,  as  we  can  not 
ascertain  the  aperture  and  oral  ending,  we  can  not  be  absolutely 
positive  that  the  form  described  by  Matthew  is  present  in  these 
cherts.  Since  there  seem  to  be  several  Globigerinae  similar  to 
those  Matthew  describes,  we  believe  that  O.  ovalis  is  also 
present.  The  outline,  however,  of  this  shell  would  be  identical 
with  Lagena  ovum  which  Chapman  reported  from  the  Upper 
Cambrian.  The  significance  of  the  aperture  found  in  Orbulina 
ovalis  Matthew  is  discussed  later  under  the  description  of  the 
genus  Orbulina. 

Lagena  globosa  (Montagu) 

Plate  3,  figures  8,  9 

Lagena  globosa  Brady,  1888,  Geol.  Mag.,  n.  s.,  Dec.  iii,  5:  481-84, 
pi.  xiii,  figs.  1-3 

Lagena  globosa  Vadasz,  1910,  Triasforam.  aus  dem  Bakony,  p.  17, 
pl.  1,  fig.  11 

The  Lagena  of  above  reference,  figured  by  Brady,  was  from  the 
Silurian  of  Lower  Wenlock  age,  while  those  described  by  Vadasz 
were  from  the  Trias. 

1 Brady,  Note  on  Some  Silurian  Lagenae.  Geol.  Mag.,  n.  s.,  Dec.  3,  1888.  5: 
481-84,  pl.  xiii. 
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There  can  be  no  mistaking  this  almost  globular  form  of  Lagena, 
though  it  varies  considerably  in  size,  in  amount  of  aperture  and 
neck  elongation,  and  in  the  more  oval  and  elongate  type  merges 
into  L . 1 a e v i s . The  flattened  forms  become  L.  laevigata, 
while  similar  roughened-surface  types  constitute  L . a s p e r a 
and  costate  forms  L . sulcata,  all  of  which  are  modifications 
of  this  simple  rounded  Lagena.  As  Professor  Brady  points  out, 
Lagenae,  contrary  to  expectation,  are  not  very  common  in  Pre- 
carboniferous  formations;  but  we  would  expect  them  to  be  more 
numerous  in  lower  Paleozoic  strata  than  any  of  the  more  complex 
types.  We  believe  that  their  absence  can  be  partly  accounted  for 
because  of  their  delicate,  thin  shells  and  minute  size,  so  that  they 
are  not  so  readily  preserved  as  larger  and  often  more  arenaceous 
Foraminifera.  According  to  Brady  (loc.  cit.),  the  only  notices  of 
Precarboniferous  Lagenae  published  prior  to  1888  occur  in  T.  Rupert 
Jones’s  list  of  Upper  Silurian  Microzoa  given  in  the  Geological 
Magazine  for  February  1881. 

The  largest  Silurian  specimens  figured  by  Brady  were  2 mm  in 
diameter,  which  is  much  larger  than  most  recent  specimens.  The 
species  occurs  on  slide  6,  measuring  0.12  mm  to  0.15  mm  in  diameter. 

Lagena  laevis  (Montagu) 

Plate  3,  figures  io,  u 

Vermiculum  laeve,  Montagu,  1803,  Test.  Brit.,  p.  524 

Lagena  laevis,  Bagg,  1912,  U.  S.  Geol.  Survey  Bui.,  p.  48,  pi  xiii, 
figs.  5-8,  K,  10,  11,  a,  b,  pi  xiv,  figs.  23,  24 

The  unicellular,  oval-chambered,  smooth  Lagena,  known  as 
Lagena  lae  v 1 s , is  a small,  elongated  oval  form  with  the  apical 
end  more  or  less  prolonged,  but  not  so  strongly  so  as  in  L a g e n a 
clavata  or  Lagena  gracilis.  It  closely  resembles  the 
narrower  forms  of  Lagena  globosa;  but  the  length  is 
approximately  double  the  width,  one  of  the  two  forms  found  meas- 
uring approximately  0.05  mm  in  width  and  0.10  mm  in  length, 
though  we  can  not  be  sure  that  this  includes  the  full  aperture  exten- 
sion of  the  original  form. 

There  are  two  of  these  minute  fossil  Lagenae  on  slide  6 (also 
found  on  slide  2).  The  species  is  known  in  the  Upper  Silurian 
at  the  base  of  the  Wenlock  series  in  the  Woolhope  limestone  from 
Wych,  Malvern,  England.  Unless  the  original  flanged  neck  of 
these  English  specimens  has  been  lost  in  silicification,  they  were 
probably  without  such  ornamentation.  The  short  aperture  exten- 


REPORT  OF  THE  DIRECTOR  1918 


169 


sion  was  more  likely  to  have  been  simple  as  shown  in  many  published 
figures  of  this  species,  such  as  the  excellent  wood  cuts  (figs.  3a, 
b;  p.  17)  of  the  Triassic  forms  found  by  Vadasz  in  Bakony. 
There  is  of  course  a possibility  that  this  type,  shown  in  cross  section, 
isLagena  marginata  since  there  is  no  method  of  determin- 
ing the  flattening  of  the  margin  in  any  cross  section  longitudinally 
made,  although  this  would  at  once  be  apparent  in  transverse  view. 
Because  this  species  has  had  such  a long  history,  and  since  the 
shape  is  the  same  a£  the  type  figures,  we  have  little  hesitation  in 
referring  these  two  specimens  to  the  above  species. 

The  geographical  distribution  of  this  species  is  worldwide  in 
existing  oceans,  even  in  Arctic  waters,  and  it  is  also  known  at  great 
depths.  Many  synonyms  have  been  given  to  this  species,  perhaps 
the  most  common  being  Lagena  vulgaris  Williamson  (Rec. 
Foram.  Great  Brit.,  p.  4,  pi.  1,  fig.  5)  and  Phialina  ovata 
Seguenza  (from  Italy).  Vadasz  mentions  the  frequent  occurrence 
of  the  species  in  the  Protrachyceras  Reitzi-zone  of  the  Trias  near 
Felsoors  as  well  as  from  the  Estheria-marl  of  Csopak.  Lagena 
1 a e v i s appears  therefore  to  have  a geological  range  equal  to 
Lagena  globosa  (Montagu) . 

We  judge  from  the  illustrations  given  by  Brady  (Notes  on  Some 
Silurian  Lagenae,  Geol.  Mag.,  n.  s.,  Dec.  iii,  1888,  5:  481-84,  pi.  xiii) 
that  the  Wenlock  forms  were  coarser  and  larger  than  the  more 
typical,  minute  specimens  we  recognize  in  the  Bona  venture  chert. 

Lagena  marginata  (Walker  & Boys) 

Plate  3.  figures  12,  13 

Serpula  marginata,  Walker  & Boys,  1784,  Test.  Min.,  p.  2,  pi.  1,  fig.  7 

Lagena  sulcata  var.  marginata,  Parker  & Jones,  1865,  Phil. 

Trans.,  155:  355,  pi.  xiii,  figs.  42-44,  pi.  xvi,  fig.  12 

There  is  seen  on  slide  3 an  oval  Lagena  with  wide  margin  identical 
with  L.  marginata  (Walker  & Boys)  which  seems  to  belong 
to  this  species.  We  have  no  means  of  determining,  however, 
whether  this  form  is  compressed,  as  a transverse  section  would  be 
necessary  to  reveal  this  feature.  The  aperture  appears  as  a depres- 
sion centrally  located,  but  the  shell  is  somewhat  more  spherical 
than  typical  L.  marginata  forms. 

In  the  Challenger  monograph  Brady  reports  this  cosmopolitan 
type  from  every  sea  and  from  most  northern  latitude  to  the 
Antarctic  ice  fields.  The  depth  also  varies  from  shoal  water  to 
beyond  3000  fathoms.  Geologically,  the  species  is  known  in  the 
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Cretaceous  chalk  which  appears  to  be  its  earliest  occurrence  pre- 
viously reported.  The  specimen  we  are  describing  measures  0.13  mm 
in  diameter. 

Genus  NODOSARIA  (Lamarck) 

The  genus  Nodosaria  is  well  represented  in  the  Bonaventure 
cherts,  but  most  of  the  forms  belong  to  one  species,  Nodosaria 
radicula  (Linne) . This  type  is  apparently  the  only  form  in  any 
of  our  slides  which  is  perfect,  typical  and  unusually  small.  It  is 
one  of  the  earliest  genera,  occurs  in  Cambrian  strata  and  becomes 
remarkably  well  developed  in  the  Carboniferous  period. 

It  is  easily  recognized.  The  only  mistake  possible  is  when  a Testu- 
larian  is  cut  on  edge  away  from  a median  line,  in  which  case  it  might 
be  taken  for  a uniserial  form.  Some  of  our  specimens  even  show 
the  apertural  opening  from  chamber  to  chamber  as  in  existing 
types,  and  the  whole  specimens  are  remarkably  and  perfectly  pre- 
served. They  are,  however,  all  short  forms,  even  when  stoutly 
constructed;  and  have  few  chambers,  some  with  but  two  or  three 
and  often  only  four.  Several  species  of  this  genus  occur,  but  ncne 
so  frequently  as  the  straight-shelled  N.  radicula  which  is 
shown  in  many  sections. 

Nodosaria  (D.)  communis  (d’Orbigny) 

Plate  3.  figures  14,  15 

Dentalina  c o m m u n i s d’Orbigny,  1826,  Annales  des  Sci.  Nat., 
7:254,  no.  35 

Dentalina  badenensis  d’Orbigny,  1846,  Foram.  foss.  Vienne, 
p.  44,  pi.  i,  figs.  48,  49 

Nodosaria  communis  Bagg,  1912,  U.  S.  Geol.  Survey,  Bui.  513, 
p.  54,  pi.  xvi,  figs.  5,  8,  9 

Dentalina  inornata  Reuss  1863,  Sitzungsb.  d.  k.  Akad.  Wiss.  Wien, 
48:45,  pi.  ii,  fig.  18 

Four  segments  occur  on  slide  i showing  very  characteristic 
features  of  Nodosaria  communis,  but  belonging  to  the 
obliquely-set  chamber  variety  approaching  true  Vaginulina  types. 
The  anterior  margin,  however,  curves  back  as  in  the  Dentalina 
forms,  and  the  sutures  along  the  border  are  slightly  depressed, 
exactly  as  in  Dentalina  badenensis  d’Orbigny,  which  this 
form  so  closely  resembles.  The  primordial  chambers  are  not 
visible,  but  from  the  four  preserved  it  is  evident  that  the  shell 
consisted  of  about  five,  or  possibly  six,  segments  rapidly  extending 
but  with  very  arcuate  septae. 

The  Carboniferous  types  figured  by  Brady  (Pal.  Soc.,  30:127, 
pi.  X,  figs.  17,  18)  show  too  many  segments  for  the  form  we  find, 
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but  a cross  section  of  these  would  well  represent  the  chert  sections. 
The  interior  is  filled  with  a greenish,  dark,  granular  material  and 
the  shell  is  large  for  this  type. 

Nodosaria  radicula  (Linne) 

Plate  3.  figures  16,  17 

Nautilus  radicula  (Linne)  1767,  Syst.  Nat.,  12th  ed.,  p.  1164,  285; 
1788,  ibid.  13th  (Gmelin’s)  ed.,  v.  1,  pt  2,  p.  3373,  no.  18 

Nodosaria  lepida  Reuss,  i860,  Sitzungsb.  d.  k.  Akad.  W.  math, 
naturw.,  cl.,  v.  40,  no.  8,  p.  178,  pi.  1,  fig.  2 

Dentalina  subrecta  Reuss,  i860,  ibid.,  p.  182,  pi.  1,  fig.  10 

Nodosaria  kirkbyi  Richter,  1861,  in  Geinitz’s  Dyas,  heft  1,  p.  121, 
pi.  XX,  fig.  30 

Nodosaria  radicula  Brady,  1876,  Carbonif.  Foram.,  Paleont.  Soc., 
30:124,  pi.  X,  figs.  6-16 

Nodosaria  ovalis  Schmid,  1867,  .Neues  Jahrb,  fur  Min.  p.  588, 
pi.  VI,  figs.  50,  51 

The  cross  section  of  Nodosaria  radicula  observed  in 
the  chert  of  slide  i shows  seven  uniformly  enlarging  segments  over- 
lapping about  one-half  way  the  succeeding  chapiter.  The  aperture 
opening  is  distinctly  visible  on  most  segments,  and  the  marginal 
sutures  are  pronounced.  The  species  is  well  represented  by  figures 
6 and  io  of  the  Carboniferous  Foraminifera  (Brady,  loc.  cit.)  the 
former,  N.  geinitzi  Reuss,  and  the  latter,  N.  kirkbyi 
Richter.  This  species  is  rather  closely  related  to  Dentalina 
elegans  d’Orbigny,  but  the  latter  has  many  segments,  while 
N.  radicula  has  seldom  more  than  seven  and  often  only  four. 

Brady  states  that  he  did  not  discover  this  type  in  any  horizon 
below  the  Permian  where,  in  England,  it  seems  to  be  confined  to 
the  Upper  Magnesian  limestone  of  that  era.  The  species  is  recorded 
by  Vadasz  as  not  common  in  the  Trias  of  Bakony.  The  length 
of  one  example  measures  0.18  mm,  but  many  forms  of  this  species 
occur  in  the  cherts. 


Nodosaria  soluta  Reuss 

Plate  3,  figures  18,  19 

Nodosaria  (D.)  soluta  Reuss,  1851.  Zeitschr  d.  deutsch.  geol.  Gesel- 
lsch.,  3:60,  pi.  iii,  fig.  4,  a , b 

Dentalina  globifera  Reuss,  1855,  Sitsungsb.  d.  k.  Akad.  W.  Wien., 
18:223,  pl-  1,  fig-  3 

Nodosaria  soluta  Vaddsz,  1910,  Triasforam.  aus  dem  Bakony,  p.  20, 
pi.  1,  fig.  14 

Nodosaria  soluta  Chapman,  1893,  Jour.  R.  Microsc.  Soc.,  p.  587, 
pl.  viii,  fig.  26 
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Many  figures  of  this  species  indicate  considerable  variation  both 
as  to  the  number  of  chambers  — usually  from  three  to  five,  never 
very  many  — and  also,  what  is  more  significant,  as  to  the  mucronate 
character  of  the  primordial  chamber.  This  is  not,  however,  a 
constant  character,  and  in  cross  sections  such  a feature  would  not 
appear  unless  the  test  were  cut  near  the  center. 

This  shell  occurs  today  in  the  North  Atlantic  at  depths  of  from 
300  to  1360  fathoms,  in  the  South  Pacific  from  125  to  1350,  and  it 
is  reported  from  many  localities  outside  the  tropics.  Geologically 
it  has  been  reported  from  earliest  Trias  but  is  especially  developed 
in  Cretaceous  formations. 

The  figure  shown  by  Reuss  as  D.  globiferais  an  excellent 
type  but  it  has  too  many  segments  (twelve  in  the  figure)  for  the 
Precarboniferous  varieties.  We  find  several  sections,  perhaps  some 
fragmentary,  of  this  species  in  the  cherts  before  us.  The  best 
perhaps  are  those  with  five  segments  shown  on  slide  1 and  on  slide  6. 
Other  examples  are  shown  on  slides  2 (figure  18)  and  4. 

Genus  CRISTELLARIA  Lamarck 

Cristellariae  are  rare  and  doubtfully  represented  in  the  Bona- 
venture  cherts,  but  two  species  seem  to  occur.  The  difficulty 
of  identification  lies  in  the  fact  that  the  aperture  does  not  show  in 
the  cross  sections  found,  and  these  must  be  present  on  the  outer 
margin  if  the  form  were  cut  in  a -median  line.  The  genus  goes 
back  to  the  Cambrian  but  does  not  seem  ever  to  be  a well-developed 
type  until  the  beginning  of  the  Trias.  The  earlier  types  are  not 
involute  but  are  well  represented  by  a few-chambered,  curved  form 
which  we  identify  as  C.  acutauricularis  (Fichtel  & Moll) 
described  below. 

Cristellaria  acutauricularis  (Fichtel  & Moll) 

Plate  3,  figures  20,  21 

Nautilus  a c u t a u r i c u 1 a r i s Fichtel  & Moll,  1803,  Test.  Micr., 
p.  102,  pi.  xviii,  figs,  g-i 

Cristellaria  acutauricularis  Chapman,  1900,  Quar.  Jour.  Geol. 

Soc.,  56:259,  pi.  xv,  fig.  9 

Mr  Chapman  says  of  this  form  “In  outline  the  Cambrian  specimen 
resembles  a cristellarian  of  the  C.  acutauricularis  type ; 
but  the  chambers  are  remarkably  few  in  number,  there  being  appar- 
ently -only  four  in  the  specimen  under  notice.”  This  form  came 
from  the  Upper  Cambrian  of  the  Malverns.  On  slide  3 we  find  a 
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form  showing  two  segments  only,  but  which  we  doubtfully  place 
under  this  species.  It  is  not  at  all  typical,  but  the  specimen  seems 
to  be  perfect  and  complete  and  much  less  involute  than  the 
C . g i b b a which  we  also  identify  in  these  cherts.  A better  speci- 
men, shown  on  slide  5 (X)  has  four  chambers. 

Cristellaria  gibba  d’Orbigny 

Plate  3,  figures  22,  24 

Cristellaria  g i b b a d’Orbigny,  1839,  Foram.  Cuba,  p.  63,  pi.  vii, 
figs.  20,  21 

Cristellaria  p u 1 c h e 1 1 a Reuss,  1862,  Sitz.  Akad.  Wiss.  Wien,  46:  71, 
pi.  viii,  fig.  I 

What  appears  to  be  Cristellaria  gibba  occurs  on  slide  4, 
but,  unfortunately  for  absolute  identification,  the  external  anterior 
margin  of  the  ultimate  chamber  is  broken  away  by  a fissure  occurring 
in  the  chert,  so  that  it  is  impossible  to  ascertain  whether  the  aperture 
is  cristellarian  or  not.  The  segmentation  is  identical  with  the  few 
rapidly  enlarging  chambers  of  C . gibba,  but  there  is  a slightly 
more  involute  structure  than  the  type  calls  for.  There  are,  however, 
rather  wide  variations  in  this  species,  near  which  must  be  placed 
C . n u d a Reuss,  C . p o 1 i t a Reuss,  Robulina  concinna 
Reuss  and  many  other  intermediate  forms  between  Cristel- 
laria crepidula,  with  its  thin  complanate  test,  and  the 
lenticular  involute  Cristellaria  rotulata  (Lamarck) . The 
identification  rests  upon  the  outline,  arched  segments,  five  shown 
on  the  slide,  and  their  rapid  expansion  upward.  If,  however,  the 
aperture  is  central  the  form  is  not  Cristellaria  but  Pulvinulina, 
near  P . h a u e r i i (d’Orbigny) ; but  the  faint  marking  near  the 
periphery  at  the  third  septal  line  is  very  like  Cristellaria. 

C . gibba  has  been  identified  from  the  Trias  and  every  succeed- 
ing horizon;  but  it  is  best  known  as  a Cretaceous  and  Tertiary  form, 
and  is  still  found  in  the  North  and  South  Atlantic  oceans  at  depths 
of  less  than  500  fathoms. 

Genus  POLYMORPHINA  d’Orbigny 

But  few  specimens  of  the  undoubted  Polymorphina  character 
appear  in  the  Bona  venture  chert.  The  genus  is  a particularly 
difficult  one  to  identify  or  to  determine  specifically,  as  cross  sections 
of  segments,  often  without  the  aperture  position,  do  not  enable 
one  to  judge  under  what  type  a given  specimen  belongs.  The  forms 
we  find  are  mostly  of  very  minute  size;  but  one  rather  large  form 
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which  shows  its  oral  termination  occurs  on  slide  i and  this  is  much 
larger  than  any  other  forms  found.  It  measures  0.25  mm  in  length, 
or  more  than  double  the  usual  forms. 

There  is  some  doubt  about  this  type;  for  it  is  not  reported  in 
Paleozoic  horizons  as  far  as  we  know,  and  it  is  a type  best  developed 
in  Cretaceous  and  Tertiary  formations.  It  has,  however,  been 
previously  reported  from  the  Upper  Trias  of  Derbyshire  (Parker  & 
Jones)  and  is  not  rare  in  some  of  the  Lias  beds. 

Polymorphina  communis  (d’Orbigny) 

Plate  4,  figures  i,  2 

Guttulina  communis  d’Orbigny,  1826,  Ann.  Sci.  Nat.,  7:266, 
pi.  xii,  figs.  1-4;  Module,  no.  62 

Guttulina  communis  d’Orbigny,  1846,  Foram.  Foss.  Vienne,  p 224, 
pi.  xiii,  figs.  6-8 

Polymorphina  communis  Bagg,  1912,  U.  S.  Geol.  Survey  Bui. 
513,  p.  68,  pi.  xxi,  figs.  13-15  (After  Jones) 

In  segmentation  this  form  is  closely  related  to  Polymor- 
phina problema  (d’Orbigny),  but  the  former  is  acuminate 
at  its  oral  end.  P.  communis  has  fewer  chambers  (usually 
three  or  four),  but  many  forms  placed  under  this  species  do  not 
exhibit  the  contour  and  small  segmentation  the  type  demands. 
I can  not  detect  the  Polymorphina  aperture  on  the  ultimate  chamber 
of  the  form  seen  on  slide  3,  which  ought  to  appear  if  cut  in  median 
section.  There  is,  however,  a very  distinct  irregularity  on  the 
interior  overlapping  segments  which  is  correctly  placed  for  this 
feature  and  which  we  are  confident  is  the  indistinct  or  indefinite 
structure  of  the  polymorphine  type.  There  should  be  more  segments 
if  the  form  were  P.  problema,  and  they  would  be  somewhat 
more  globose.  The  form  is  very  minute  and  measures  but  0.10  mm 
in  length  and  but  0.07  mm  in  greatest  width.  The  rather  deep 
sutures  observed  in  the  cross  section  (figure  1)  are  partly  due  to 
the  high  magnification,  232  diameters,  as  compared  with  the  larger 
Tertiary  type  shown  in  figure  2. 

Polymorphina  communis  has  been  reported  from 
early  Jurassic  (Lias)  strata,  but  we  are  not  aware  of  its  having  been 
hitherto  recorded  in  Paleozoic  formations. 

The  . species  also  appears  to  be  present  on  slide  5 (X),  but  the 
aperture  is  not  shown  in  the  cutting.  The  aboral  end  is  here  a 
little  more  extended  than  the  type,  but  there  are  four  overlapping 
segments  and  the  outline  resembles  this  species. 
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Polymorphina  compressa  d’Orbigny? 

Plate  4,  figures  3a,  b 

Polymorphina  compressa,  d’Orbigny  1846,  Foram.  Foss.  Vienne, 
p.  233,.  pi.  xii,  figs.  32-34 

Polymorphina  acuta  d’Orbigny,  1846,  Foram.  Foss.  Vienne,  p.  234, 
pi.  xiii,  figs.  4,  5 and  pi.  xiv,  figs.  5-7 

Polymorphina  compressa  Parker  & Jones,  1865,  Phil.  Trans., 
p.  361,  pi.  xiii,  figs.  47-51 

The  few  short,  biserial  (somewhat  irregular)  forms  such  as  appear 
on  slide  i are  doubtfully  placed  under  this  genus.  Polymorphinae 
are  not  abundant  in  the  chert  sections  and  it  is  not  impossible  for 
us  to  be  mistaken  in  confusing  this  genus  with  short  and  diagonally 
cut  Bolivinae  or  Virgulinae  types.  There  is,  however,  in  the  above 
section  a strongly  lobed  margin  and  more  globose  segments  than 
in  the  above  genera,  and  we  are  therefore  placing  this  form  with 
Polymorphina.  The  specimen  is  not  very  distinct,  and  the  segments 
are  rapidly  converging  as  would  be  the  case  in  a compressed  type; 
this  feature  requires  continued  focusing  to  b ing  the  structure  into 
view.  There  are  four  and  five  segments  visible  in  each  series  and 
the  length  approximates  o.io  mm. 

The  specimen  of  what  appears  to  be  Polymorphina 
gibba  on  this  same  slide,  is  much  larger  and  measures  0.25 
mm,  but  the  complete  form  is  not  seen.  P.  compressa  is 
often  regarded  as  an  elongate  variety  of  P.  lactea,  but  the 
two  are  quite  distinct  and  easily  distinguished  when  typical  speci- 
mens are  examined. 

This  species  is  supposed  to  be  represented  by  casts  in  the  Silurian 
(Ehrenberg) ; but  it  first  becomes  frequent  in  Mesozoic  strata, 
and  is  rather  a cosmopolitan  form  in  existing  oceans.  Parker  & 
Brady’s  forms  were  from  the  Arctic  ocean. 

Polymorphina  gibba  d’Orbigny 

Plate  4,  figures  4,  5 

Globulina  gibba  d’Orbigny,  1826,  Ann.  Sci.  Nat.,  7:266,  no.  20 

Globulina  gibba  d’Orbigny,  1846,  Foram.  Foss.  Vienne,  p.  227, 
pi.  xiii,  figs.  13,  14 

A cross  section  on  slide  i (also  slide  6)  resembles  closely 
Polymorphina  gibba  d’Orbigny.  One  side  of  the  form 
on  the  lower  border  is  broken  away  by  a fissure  in  the  slide;  but 
it  seems  likely  that  the  interior  initial  chamber  was  connected 
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to  the  large,  ultimate,  elliptical  segment,  as  would  be  the  case  with 
this  species.  The  form  is  much  larger  than  in  the  specimen  of 
P.  compressa  and  measures  0.25  mm  in  length.  The  outline 
is  broadly  oval  with  prolonged  aperture,  a little  eccentric,  and 
shows  but  two  well-defined  chambers,  the  inner  one  more  nearly  cir- 
cular and  impressed  against  one  side. 

Typical  specimens  show  more  spherical  shape  than  the  one  we 
are  describing,  which  is  more  like  P.  lacteain  some  respects 
than  P . g i b b a . In  the  latter  there  is  a different  arrangement 
of  segmentation,  and  the  form  is  more  minute;  but  there  are  many 
closely  related  types  such  as  P.  aequalis,  P.  lactea, 
Globulina  p,u  n c t a t a d’Orbigny,  Globulina  amplec- 
t a n s Bornemann,  and  the  variety  G.  orbicularis,  as  also 
P.  (Guttulina)  deformata  Reuss,  the  latter  being  some- 
what similar  to  the  type  we  are  discussing.  A few  specimens  on 
other  slides  may  belong  to  this  type,  but  Polymorphina  is  a hard 
genus  to  identify  in  cross  section,  as  only  the  outline  of  segment 
arrangement  can  be  seen. 

P.  g i b b a is  known  from  the  Trias  of  Europe  and  is  found  in 
existing  oceans. 


Genus  ORBULINA  d’Orbigny 

The  genus  Orbulina  has  been  recorded  from  Cambrian  strata  of 
New  Brunswick,  from  the  Devonian  of  Paffrath  in  the  Eifel,  in  the 
Trias  of  Bakony,  and  in  every  succeeding  period;  and  is  today 
one  of  the  most  abundant  pelagic  species  of  every  ocean.  Nor- 
mally there  is  no  aperture  in  Orbulina,  which  makes  the  Orbu- 
lina ovalis  of  Matthew  from  the  Canadian  Cambrian  extremely 
problematical.  It  is  more  likely  that  the  form  is  Lagena  instead ; 
but  we  shall  follow  Matthew  and  recognize  this  type,  since  in  our 
specimens  no  aperture  occurs  and  the  shell  is  not  circular  as 
O.  universa  requires. 

We  therefore  with  some  reservation  recognize  both  O.  uni- 
versa and  O.  ovalis  in  the  cherts  under  investigation  and 
a still  more  problematical  large  form,  O.  porosa.  The  last 
is  known  in  the  Trias  and  is  a large,  stoutly  built  type.  Today 
Orbulina  universa  is  a small  form,  with  thin  and  delicate 
shell  wall.  Our  fossil  specimens  are  large  for  the  type,  and  not 
all  are  truly  spherical. 
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Orbulina  ovalis  Matthew 

Plate  4,  figures  6,  7 

Orbulina  ovalis  Matthsw,  1893,  Trans.  N.  Y.  Acad.  Sci.,  12:112, 
pi.  1,  fig.  20 

Orbulina  ovalis  Matthew,  1895,  Trans.  N.  Y.  Acad.  Sci.,  14:110, 
pi.  1,  fig.  2 

Orbulina  universaof  existing  oceans  is  always  spherical 
and  normally  built  of  a single  chamber.  There  are  occasionally 
met  with  double-chambered  types  in  which  the  segments  are  ingrown 
and  not  bilobed,  as  inGlobigerina  bilobata,  which 
•never  exhibit  this  sphericity.  Such  elongation  as  these  types  exhibit 
may  belong  to  the  species  figured  by  Matthew  as  Orbulina 
ovalis.  It  is  not  altogether  certain  that  the  few  elongated 
and  apparently  unicelled  Foraminifera,  such  as  are  seen  on  slide  i, 
really  belong  here;  but  it  seems  probable  that  they  do.  There  is 
a very  peculiar  and  irregular  distribution  of  minute  circles  seen 
in  the  cross  section  of  one  form  shown  on  this  slide,  and  if  these 
represent  chambers  our  determination  is  erroneous.  In  any  case, 
however,  oval  types  are  observed  which  seem  to  belong  to  the  above 
species  and  which  may  perhaps  be  allowed  to  stand. 

Orbulina  porosa  Terquem 

Plate  4,  figures  8,  9 

Globulina  porosa  Terquem,  1858,  Foram.  Lias,  1st  Mem.,  p.  633 

Orbulina  liasica  Terquem,  1862,  Foram.  Lias,  2d  Mem.,  p.  432, 
pi.  v,  fig.  4 

Orbulina  porosa  Vadasz,  1910,  Triasforam.  aus  dem  Bakony,  p.  29, 
pi.  1,  fig.  30  (errata  for  31) 

This  species  of  Orbulina  differs  from  0.  universa,  the 
common,  unicellar,  globigerine  type,  in  the  coarseness  of  its 
pores  and  the  asperate  surface.  In  fossil  form  it  appears  in  cross 
section  as  a roughened,  crenulation-like  surface,  exceedingly  minute; 
but  it  seems  to  be  sufficiently  distinct  to  be  recognized  in  some 
forms  on  slide  6.  It  is  rather  larger  than  O.  universa, 
although  this  is  a minor  factor  in  its  identification.  The  specimen 
referred  to  has  a diameter  of  0.17  mm. 

The  species  seems  to  have  been  not  infrequent  in  a number  of 
early  Mesozoic  horizons;  but  is  an  exceedingly  rare  type  today, 
and  we  have  never  identified  it  in  existing  oceans.  The  Challenger 
reported  the  type  from  several  stations,  one  in  the  North  Atlantic 
at  1750  fathoms  and  another  at  1485. 
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Orbulina  universa  d’Orbigny 

Plate  4,  figures  10-13 

Orbulina  universa  d’Orbigny,  1839,  Foram.  Cuba,  p.  3,  pi.  1,  fig.  1 

We  have  stated  that  Orbulina  universa  appears  to  lack 
an  orifice,  and  that  thousands  of  specimens  examined  by  Brady  in 
his  Challenger  Report  material  failed  to  discover  any  with  such 
opening.  D’Orbigny,  in  his  early  reports,  states  that  he  found  such 
openings,  but  only  on  about  one-sixth  of  the  material  examined. 
We  surmise  that  such  openings  existed  only  in  fossil  types,  due  to 
some  weak  development  of  the  test  and  not  to  biologic  design  and 
permanent  physiologic  feature.  • 

There  are  many  minute,  and  a few  large,  nearly  circular  cross 
sections  of  Orbulinae  on  these  chert  slides;  but  not  all  are  true 
spheres  such  asO.  universa  calls  for.  These  are  probably  more 
numerous  than  our  survey  shows,  for  some  may  be  cut  away  from 
the  center  and  some  may  have  been  originally  slightly  unsymmetrical. 
Examples  appear  to  be  shown  best  developed  on  slides  2,  3 and  6, 
and  a two -chambered  form,  doubtfully  placed  here  on  slide  2 (also 
slide  6).  It  is  entirely  possible  that  Globigerina  bull- 
o i d e s cut  near  its  ultimate  segment  would  reveal  a similar  outline 
in  section.  We  consider,  however,  the  type  to  be  present  in  all 
material  studied. 

Genus  GLOBIGERINA  d’Orbigny 

The  genus  Globigerina,  by  far  the  most  abundant  and  widespread 
of  the  pelagic  Foraminifera  of  today,  represents  a well-circumscribed 
distinct  group  of  involute,  somewhat  globular-chambered  forms. 
Orbulina  is  the  simplest  type  of  the  larger  family  which  by  multi- 
plication of  segments  becomes  most  complex  in  G.  cretacea. 
It  is,  like  Orbulina,  known  in  the  Cambrian,  and  there  is  seldom 
any  report  upon  fossil  Foraminifera  of  any  age  which  does  not 
reveal  this  genus.  In  the  fossil  world,  however,  it  is  not  well 
represented  specifically,  most  forms  being  placed  under  a very  few 
species  of  which  the  entire  known  series  is  relatively  small.  We 
have,  however,  in  the  Bonaventure  cherts  a remarkable  develop- 
ment of  Globigerina,  and  it  is  present  in  every  section  examined. 
Moreover,  there  is  a wide  divergence  in  size,  segmentation  and  in 
variety  of  species  which  we  could  hardly  look  for  in  so  early  a 
formation.  Many  of  these  types  appear  to  be  identical  with  the 
forms  described  by  Matthew  in  the  Canadian  Middle  Cambrian 
of  Hanford  Brook,  St  Martin’s  and  it  is  not  unlikely  that  some  of 
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these  cherts  date  back  to  that  epoch.  This  will  be  referred  to 
under  our  discussion  of  the  age  of  these  cherts.  The  chert  types 
vary  greatly  in  size,  measuring  from  but  o.io  mm  in  some  of  the 
smaller  forms  to  0.28  mm  in  the  larger  specimens. 

Globigerina  aequilateralis  Brady 

Plate  s,  figures  1-3 

Globigerina  aequilateralis  Brady  1 879,  Quar.  Jour.  Micros.  Sci. , 
n.  s.,  19:  71 

Globigerina  aequilateralis  Brady,  1 884,  Chal.  Rep’t,  9 :6o5, 
pi.  lxxx,  figs.  18-21 

Globigerina  aequilateralis  Goes,  1 894,  K.  Sv.  Vet.  Akad. 
Handl.,  Bd.  25,  no.  9,  p.  86,  pi.  xiv,  fig.  767 

It  seems  strange  that  the  large,  coarsely  constructed,  aequilateral 
Globigerina,  doubtfully  known  under  the  name  Phanerosto- 
mum  asperum  Ehrenberg,  from  the  island  of  Rugen  Chalk 
could  possibly  go  back  into  Lower  Paleozoic  time;  and  we  have 
hitherto  considered  that  this  type  belonged  entirely  to  modern 
oceans,  although  it  is  known  in  the  Miocene.  The  large,  globular- 
chambered  Globigerina  showing  three  well-defined  but  large  seg- 
ments, with  a partial  view  of  a fourth  on  one  side,  seen  on  slide  6, 
apparently  belongs  here.  It  has  thick  walls,  anastomosing  segments, 
and  measures  0.2  mm  in  transverse  section.  There  is  an  infilling 
with  clouded  greenish  brown  material.  The  form  is  too  large  for 
G.  cretacea  and  shows  too  widely- jointed  chambers  to  be 
identified  with  G.  pachyderma,  which  it  seems  to  resemble 
in  some  particulars. 

A partial  section,  also  on  slide  6 and  showing  but  three  chambers, 
apparently  belongs  here  also.  On  slide  2,  there  also  appears  a 
large  Globigerina  filled  in  its  interior  with  the  same  greenish  brown 
substance  found  on  slide  6;  and  we  believe  this  also  represents 
the  G.  aequilateralis  of  existing  oceans,  but  only  four 
segments  are  seen  in  this  example. 

Globigerina  bilobata  d’Orbigny 

Plate  4,  figures  14,  15 

Globigerina  bilobata  d’Orbigny,  1 846,  Foram.  Foss.  Vienne, 
p.  164,  pi.  ix,  figs.  1 1- 14 

There  are  numerous  bilobed  Foraminifera  on  nearly  all  the  slides, 
and  among  these  is  undoubtedly  the.  two-lobed  G.  bilobata 
d’Orbigny.  There  is  always  a possibility,  however,  that  some  of 
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these  cross  sections  do  not  represent  Globigerina,  but  Textularia 
globulosa  forms  which  are  very  abundant  as  well.  In  the  latter 
case,  however,  they  would  be  very  minute  and  the  septal  division 
distinct  and  marked  by  almost  straight  septal  lines  between  each 
series.  Moreover  the  segments  in  Textularia  should  be  of  equal 
size. 

The  large  forms  ascribed  to  Globigerina  with  but  two  segments 
symmetrically  developed  and  of  unequal  size  belong  to  the  above 
species.  The  two-lobed  Globigerina  in  which  the  segments  are 
of  equal  size  and  often  with  affluent  chambers  belongs  to  the 
G . d i d y m a of  Matthew.  One  example  on  slide  i measures 
0.21  mm  and  has  well-defined  walls  with  chambers  confluent  at  the 
center,  which  would  not  hold  true  forT.  globulosa  Ehrenberg 
cut  on  end.  The  G.  bilobata  are  generally  smaller  than 
G . d i d y m a Matthew. 

Globigerina  bulloides  d’Orbigny 

Plate  4,  figures  16,  17 

Globigerina  bulloides  d’Orbigny,  1 826,  Ann.  Sci.  Nat.,  7 :2  7 7 
No.  1 : Module,  no.  76  and  young  no.  17 

Globigerina  bulloides  Cushman,  1918,  U.  S.  Geol.  Survey  Bui. 
676,  p.  12,  32,  56,  79,  pi.  iii,  fig.  2;  xii,  figs.  4,  6 

The  most  abundant  of  all  Globigerina  found  in  these  cherts  belongs 
to  the  above  species.  It  is  especially  well  developed  on  slides  1,3, 
5 (X)  and  6.  The  diameter  of  these  specimens  varies  widely,  partly 
due  to  the  various  angles  at  which  the  sections  are  cut.  The  walls 
are  well  developed  and  occasionally  relatively  thick,  and  the  limits 
of  the  forms  measured  varied  from  0.11  mm  to  above  0.21  mm 
across  the  entire  specimen.  Very  few  cross  sections  would  of  course 
reveal  the  entire  segmentation  of  a rotaline  spiral  form  like  Globi- 
gerina, even  though  it  were  relatively  depressed  at  the  apex. 
The  more  widespread,  angular  chambered  types  belong  to  G. 
cretacea  d’Orbigny,  but  these  are  not  very  frequent  in  any 
of  the  sections  examined. 

Globigerina  bulloides  var.  Triloba  Reuss 

Globigerina  triloba  Reuss,  1849,  Denies.  Akad.  Wiss.  Wien,  1 1374, 
fig.  11 

Several  trilobed  Globigerinae  occur  in  the  cherts  but  they  differ 
from  Globigerina  bulloides  d’Orbigny  only  in  possess- 
ing three  segments  and  we  have  therefore  omitted  illustration  s 
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of  this  subspecies.  All  forms  placed  here  are  much  smaller  than 
the  coarsely  built,  large  and  irregular,  three  or  four-lobed  Globigerina 
identified  as  Globigerina  cambrica  Matthew. 

Globigerina  cambrica  Matthew 

Plate  4,  figure^  18,  19a,  b 

Globigerina  cambrica  Matthew,  1895.  Trans.  N.  Y.  Acad.  Sci., 
14:  iii,  pi.  i,  figs.  5a,  5b,  5c  and  6 (G.  g r a n d i s) 

Several  multilocular,  but  irregular,  Globigerinae  closely  related 
to  trilobate  Globigerina  bulloides  were  described  by 
Matthew  as  new  species.  The  irregularity  of  segmentation  as  com- 
pared with  typical  G.  bulloides  serves  to  help  differentiate 
these  primitive  few-chambered  forms  from  those  inhabiting  recent 
oceans.  On  slide  i is  a Globigerina  which  seems  to  belong  to  this 
type.  Another  is  found  on  slide  2 . 

Globigerina  cretacea  d’Orbigny 

Plate  s,  figures  4,  5a,  b 

Globigerina  c r e t a c e a d’Orbigny,  1840,  Soc.  Geol.  France,  Mem. 
1st  ser.,  4:34,  pi.  3,  figs.  12-14 

Globigerina  cretacea  Woodward  & Thomas,  1884,  (1885)  13th  Ann. 
Rep’t  Geol.  Survey  Minn.,  p.  171,  pi.  ii  (D),  figs.  18,  19 

Globigerina  cretacea  Cushman,  1918,  U.  S.  Geol.  Survey  Bui.  576, 
p.  56,  pi.  xiii,  fig.  3 

Globigerina  cretacea  represents  a widespreading,  multi- 
chambered  Globigerina  in  which  the  final  whorl  contains  not  less 
than  six  and  often  several  more  segments.  These  chambers  when 
cut  in  sections  tend  to  angularity  within,  and  this  is  especially  true 
on  the  inner  chambers.  This  same  feature  is  sometimes  revealed 
in  Rotalia,  but  in  the  latter  the  walls  possess  interseptal  canals  such 
as  are  never  found  in  this  genus. 

One  of  our  specimens  shown  in  slide  i has  twelve  segments,  seven 
of  which  are  in  the  final  convolution.  The  spherical  segments 
shown  above  may  not  represent  the  entire  number  originally  present ; 
but  they  can  not  be  far  from  that,  and  the  section  must  have  been 
cut  near  the  median  line  of  the  shell.  G.  cretacea  is  not  well 
known  in  existing  oceans,  but  best  belongs  to  the  Chalk  formation. 
We  have  identified  it  in  the  Cretaceous  of  New  Jersey  and  the 
Maryland  Miocene,  and  Cushman’s  specimen  was  from  the  same 
horizon.  Burrows,  Sherborn.&  Bailey  record  it  from  the  English 
Red  Chalk  but  we  do  not  find  it  recorded  from  any  horizon  earlier 
than  the  Cretaceous.  I think  we  are  correct,  however,  in  the 
identification  of  this  species  in  the  chert  material. 
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Globigerina  didyma  Matthew 

Plate  4,  figures  20,  21  a,  b 

Globigerina  didyma  Mitthsw,  1895,  Trans.  N.  Y.  Acad.  Sci., 
14:111,  pi.  1,  figs.  7a,  b.  (Not  Matthew,  ibid,  v.  12,  pi.  1,  figs.  1 and  4) 

In  addition  to  typical  Globigerina  bilobata  d’Orbigny 
formed  of  two  chambers,  such  a^seen  on  slide  i where  the  segments 
are  somewhat  smaller  and  of  unequal  size,  there  occur  a number 
of  specimens  on  this  same  slide  where  the  segments  are  larger, 
thicker  walled  and  of  nearly  equal  diameter.  Such  varieties  consti- 
tute the  Globigerina  didyma  Matthew  described  from 
the  Cambrian  (Middle)  of  Hanford  Brook,  N.  B.  (Div.  i band  i). 

Matthew’s  description  reads  as  follows:  “Multilocular,  probably 
consisting  of  four  chambers,  of  which  the  two  final  ones  are  of  nearly 
equal  size.  There  is  an  arched  mouth  at  the  edge  of  the  final 
chamber,  on  the  opposite  side  from  that  whereon  the  small  primary 
chambers  are  situated.” 

There  is  not  much  ground  for  recognizing  such  subspecies  as 
Globigerina  didyma  or  Orbulina  ovalis  from 
modified  forms  of  Globigerina  bilobata,  trilobata, 
and  Orbulina  universa  which  have  long  been  established. 
Matthew  is  right,  however,  in  separating  these  modifications,  as 
varietal  subspecies  of  true  Globigerinae,  from  the  more  complex 
and#highly  multichambered  G.  cretacea  and  G.  bulloides 
of  existing  oceans.  As  cross  sections  of  *four-lobed  Globigerinae 
would  give  forms  shown  as  two  lobed,  we  believe  we  are  right  in 
making  a distinction  between  G.  bilobata  and  G . didyma 
and  feel  that  these  really  represent  primitive  forms  of  this  important 
genus. 

Genus  DISCORBINA  Parker  & Jones 

The  name  Discorbina  so  long  used  and  well  established  in  all 
foraminiferal  literature  has  recently  been  replaced  by  Dr  J.  A. 
Cushman  and  written  Discorbis  Lamarck.  As  this  does  not 
accord  with  the  termination  of  the  genera  among  Foraminifera  and 
as  Lamarck  in  the  same  report  used  the  term  Discorbites  which 
later  was  used  for  Discorbis,  Discorbina  and  Rosalina,  we  do  not 
care  to  adopt  this  term  or  spelling.  Moreover,  the  term  Discorbis 
has  been  used  by  few  students  of  the  Foraminifera ; and  the  English 
paleontologists,  in  papers  as  late  as  1917,  retain  the  term  Discorbina. 

The  genus  does  not  seem  to  be  so  well  represented  in  early  Paleozoic 
formations. as  the  more  highly  constructed  related  genus,  Rotalia, 
which  is  present  in  Silurian  strata  and  is  well  known  from  the  Trias 
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on.  The  segments  are  often  very  highly  curved  or  arched,  the 
walls  thin  and  the  periphery  sharp.  We  identify  one  species  which 
seems  to  belong  here. 

Discorbina  orbicularis  (Terquem) 

Plate  s,  figures  6,  7 a,  b 

Rosalina  orbicularis  Terquem,  1876,  Anim.  Plage  de  Dunkerque, 
p.  75,  pi.  ix,  fig.  4,  a,  b 

Discorbina  orbicularis  Parker  & Jones,  1 896,  Paleont.  Soc. , 
50:295,  pi.  vii,  fig.  31.  a-c 

Discorbina  orbicularis  Vadasz,  1910,  Triasforam.  aus  dem  Bak- 
ony,  p.  31,  pi.  2,  fig.  4 (Called  D.  orbicularis  d’Orbigny  sp.  instead  of 
Terquem) 

Discorbina  orbicularis  Jones,  1 896,  Pal.  Soc.,  50 :295',  pi.  vii, 
fig.  31,  a-c 

This  species  must  not  be  confused  with  the  Rotalia  orbi- 
cularis d’Orbigny,  probably  the  form  described  originally  by 
d’Orbigny  in  1826  as  Discorbis  orbicularis,  and  also 
Gyroidina,  as  this  is  a true  double-walled  septal  type  such  as 
the  Rotalia  of  today’s  literature.  We  follow  Brady  in  this  nomen- 
clature, both  genera  and  both  species  with  which  we  are  concerned 
being  discussed  and  described  by  him  in  his  Challenger  monograph. 
This  type  according  to  Brady  is  best  developed  today  off  coral 
reefs  but  is  known  from  the  North  Atlantic  as  well  as  in  southern 
. waters  off  the  coast  of  Australia.  It  has  been  recognized  in  off-shore 
deposits  down  to  435  fathoms. 

In  our  type  there  are  but  four  chambers  in  the  final  whorl,  highly 
arched  and  obliquely  set;  and  there  are  three  volutions  altogether 
comprising  between  fourteen  and  sixteen  segments  with  the  central 
chamber  slightly  eccentric.  The  type  is  best  shown  on  slide  6 
and  measures  0.14  mm  in  diameter.  The  outer  disc  is  not  circular, 
as  the  final  segment  overlaps  unsymmetrically  and  the  segments 
expand  and  become  wider  on  their  outer  margin.  We  think  that 
some  of  the  transverse  sections  may  belong  to  this  type,  but  mcst 
of  such  we  identify  are  Pulvinulinae. 

The  species  has  been  reported  in  the  Trias  of  Bakony,  in  the 
Neocomian  of  Surrey,  England,  and  in  various  Tertiary  deposits. 

Genus  TRUN C ATULIN A d’Orbigny 

Of  all  rot  aline  forms  present  in  the  Bonaventure  cherts,  the 
genus  Truncatulina  is  the  most  abundant.  At  least  three  distinct 
species  occur  and  there  are  many  of  these  present.  Fortunately 
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for  their  identification  some  are  cut  on  edge  and  reveal  the  true 
plano-convex  outline,  especially  such  asinT.  lobatula. 

I do  not  think  this  genus  has  ever  been  found  in  the  Cambrian 
although  Truncatulina  lobatula  must  certainly  be 
expected,  since  we  have  the  higher  genera,  Pulvinulina  and  Rotalia, 
in  deposits  of  this  period.  It  has  been  described  from  the  Carbon- 
iferous of  Europe  where  several  species  occur;  it  is  known  in  every 
horizon  from  that  era  and  is  one  of  the  most  widely  known  forms 
in  the  seas  of  today.  It  is  moreover  found  not  only  in  all  seas, 
but  down  to  greatest  depths  and  in  all  sorts  of  deposits  from  shore 
sands  to  the  radiolarian  oozes  of  the  Pacific  abysses.  It  is  not 
possible  to  establish  the  genus  in  every  cross  section,  for  Discorbina, 
Pulvinulina,  Rotalia  and  the  like  resemble  this  genus  in  transparent 
outline.  In  the  cherts  we  find  Truncatulina  well  preserved,  of  good 
size  with  well-developed,  numerous  septa,  and  in  all  respects  identical 
with  forms  existing  at  the  present  time. 

Truncatulina  boueana  d’Orbigny 

Plate  s,  figures  8,  9 

Truncatulina  boueana  d’Orbigny,  1 846,  Foram.  Foss.  Vienne, 
p.  169,  pi.  ix,  figs.  24-26 

Truncatulina  boueana  Brady,  1876,  Pal.  Soc.,  30:  139,  pi.  vi,  fig.  1 1. 

Truncatulina  bouea.na  d’Orbigny  is  often  included 
under  the  synonyms  of  T.  lobatula,  and  we  have  ourselves 
so  written  it.  The  distinction,  however,  has  been  made,  and  can 
be,  for  those  few-chambered  forms  consisting  of  but  nine  segments, 
as  shown  in  the  original  description  and  figure.  In  slide  i we  find 
a good  example  of  such  a type.  There  are  seven  segments  present 
in  the  final  whorl  and  part  of  the  eighth,  the  primordial  chamber 
not  being  visible.  The  outer  periphery  is  slightly  lobed,  but  it 
has  been  etched  and  eroded  away  on  several  segments.  The  septa 
are  somewhat  more  straight  than  in  the  type  figures  and  in  this 
respect  it  approaches  Pulvinulina  micheliniana.  As 
Pulvinulinae  have  as  a rule  less  segments  than  most  rotalian  forms, 
it  is  not  impossible  that  this  form  is  P.  micheliniana. 
Truncatulina  is,  we  believe,  more  apt  to  develop  in  earlier  horizons 
than  Pulvinulina  of  higher  organization.  The  less  arched  septa 
are  also  more  characteristic  of  Truncatulina  than  true  Rotalia, 
Pulvinulina,  or  Discorbina  types. 

The  diameter  is  o.io  mm  in  the  maximum  and  0.08  mm  in  the 
smallest  of  the  specimens.  This  species  must  not  be  confused 
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with  Pul  vinulina  boueana  d’Orbigny,  which  has  a larger 
number  of  arching  segments  and  which  is  known  as  early  as  the 
Trias  as  shown  by  Vadasz.  On  slide  3 is  a large  specimen  0.17  mm 
in  diameter  and  possessing  more  septa  than  the  type  calls  for  which 
we  are  placing  under  this  species. 

Truncatulina  lobatula  (Walker  & Jacob) 

Plate  S.  figures  ioa,  b,  u 

Nautilus  lobatulus  Walker  & Jacob,  1798,  Adam’s  Essays,  2d  ed., 
p.  642,  pi.  xiv,  fig.  36 

Truncatulina  lobatula  Williamson,  1 858,  Recent  Foram.  Great 
Brit.,  p.  59,  pi.  v,  figs.  121-23 

The  synonymy  of  T.  lobatula  is  one  of  the  most  extensive 
among  rotaline  forms,  and  includes  forms  with  considerable  varia- 
tion in  number  of  segments,  amount  of  marginal  limbation  and 
arching  of  septae;  but  its  spire  is  low,  superior  surface  always 
relatively  flat  or  even  slightly  depressed  and  there  are  from  two 
to  three  convolutions,  the  ultimate  whorl  showing  normally  about 
eight  chambers.  The  cross  sections  of  this  species,  which  is  rather 
abundant  in  the  cherts  of  the  Bona  venture  formation,  show  well- 
pronounced  marginal  sutures,  but  the  ultimate  segment  is  more 
regular  and  gracefully  convex  than  in  many  modern  loose-growing 
forms.  One  of  these  sections  on  slide  1 consists  of  seven,  five  and 
two  segments  and  resembles  Rosalina  simplex  d’Orbigny 
of  the  Paris  Basin  Eocene.  An  excellent  section  cut  on  edge  (slide  1) 
and  shown  in  figure  106  illustrates  the  plano-convex  character  of 
this  interesting  foraminiferan  which  has  such  a remarkable  geographic 
and  geologic  distribution.  It  is  reported  in  the  Carboniferous, 
Trias  and  every  succeeding  formation  and  is  widespread  in  existing 
oceans. 

The  species  is  probably  present  in  every  one  of  the  six  cherts 
studied,  but  the  best  and  most  representative  specimens,  in  addition 
to  those  given  above,  are  seen  on  slide  3,  slide  4 and  slide  6. 

Truncatulina  ungeriana  d’Orbigny 

Plats  5»  figures  12,  13 

Rotalina  ungeriana  d’Orbigny,  1846,  Foram.  Foss.  Vienne,  p.  157, 
pi.  viii,  figs.  16-18 

Rotalia  roemeri  Reuss,  1855,  Sitz.  Akad.  Wiss.  Wien,  18:  240,  pi.  iv, 
fig.  52  (Typical  in  segmentation) 

Truncatulina  ungeriana  Vadasz,  1910,  Triasforam.  aus  dem  Bak- 
ony,  p.  32,  pi.  2,  fig.  6 (Typical  of  our  form) 
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In  existing  oceans  Truncatulina  ungerianais  reported 
from  the  Arctic  and  North  Atlantic  waters  and  has  a wide  bathy- 
metric range.'  As  a fossil  it  is  better  known  from  the  Tertiary 
but  has  been  reported  from  the  Trias  and  Cretaceous  horizons  of 
the  Mesozoic. 

The  original  figure  of  d’Orbigny  shows  eleven  segments  in  the 
ultimate  whorl,  but  many  published  illustrations  of  this  type  among 
the  older  geologic  formations  show  but  nine  or,  as  in  our  California 
Pliocene,  but  eight.  The  test  is  well  widened  at  the  border  and 
slightly  depressed  at  the  sutures,  this  feature  becoming  more  pro- 
nounced toward  the  ultimate  segment.  There  are  sixteen  chambers 
in  one  chert  section  (slide  3)  and  these  are  moderately  arched  with 
wide  septa,  curved  and  somewhat  thickened  at  the  periphery. 
When  viewed  on  edge  this  species  should  show  an  almost  plano-convex 
form  with  sharp  periphery,  as  in  Truncatulina  wjieller- 
s t o r f i (Sch wager) . Such  a form  occurs  on  slide  6 and  is  placed 
here.  We  are  impressed  with  the  rotaline  form  of  this  foraminiferan 
when  seen  in  cross  section;  but  there  are  no  divided  septal  walls  as 
in  the  higher  type,  and  we  believe  we  are  right  in  ascribing  the  speci- 
men to  this  species,  although  Truncatulina  akneriana 
(d’Orbigny)  would  give  a very  closely  related  appearance  in  cross 
view.  Another  specimen,  probably  belonging  here,  is  found  on  slide 
5 (X)  showing  twenty  segments;  its  diameter  is  only  0.10  mm. 

Genus  ANOM ALINA  d’Orbigny 

The  genus  Anomalina  belongs  to  the  planorbuline  forms  of  the 
rotaline  group,  and  it  is  somewhat  doubtful  whether  the  genus 
should  be  retained.  It  has  been  extensively  used,  and  the  type  is 
so  well  established,  however,  that  we  may  continue  this  for  rotaline 
forms  of  Truncatulina  which  are  complanate  and  show  on  both 
surfaces  the  entire  segmentation.  It  is  in  this  respect  similar  to 
Nonionina  or  Polystomella,  and,  like  these,  possesses  a high  organi- 
zation. 

In  the  form  we  identify  the  septal  walls  show  slight  canal  systems, 
or  at  least  they  are  double  as  in  the  higher  rotaline  genera.  We 
find  but  one  example  which  seems  to  belong  to  this  genus,  and 
it  is  unusually  large  for  the  type  and  not  cut  in  such  a manner  that 
its  entire  segmentation  can  be  determined.  It  is  rotaline,  has 
double  septa  in  the  walls  and  is  plano-convex ; so  that  it  would  seem 
to  be  Anomalina  although  the  genus  has  never  been  observed,  so 
far  as  we  are  aware,  in  strata  of  Paleozoic  age.  It  is  best  known 
as  a Cretaceous  fossil. 
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Anomalina  grosserugosa  (Gumbel) 

Plate  6,  figures  i,  2 a,  b 

Truncatulina  grosserugosa  Giimbel,  1868,  Abhandl.  bayer 
Akad.  Wiss.,  II,  Cl.,  io:65o,  pi.  ii,  fig.  104,  a,  b 

On  slide  5 (X)  we  find  a section  of  a double- walled,  coarsely  built 
and  large  rotaline  foraminiferan  in  which  the  cutting  has  exposed 
three  chambers  set  on  edge.  A still  better  specimen  showing  four 
segments  cut  on  edge  is  seen  on  slide  1 and  is  used  for  our  illustration 
on  plate  6.  This  is  one  of  the  largest  rotaline  species  observed  and 
measures  0.27  mm  across  the  four  segments.  These  seem  to  be 
Anomalina  grosserugosa  (Gumbel) , as  they  are  too 
large  for  Pulvinulina  and  related  hyaline  types.  We  tentatively 
place  these  specimens  under  Anomalina,  for  if  they  were  Nonionina 
there  would  be  a canal  system  between  the  walls  as  in  Rot  alia. 
Since  true  Rotaliae  are  present  in  these  cherts  we  can  see  no  reason 
why  Anomalina  should  not  also  be  present.  The  specimen  shown 
on  slide  5 (X)  measures  0.10  mm  in  diameter,  but  the  shell  must 
have  been  cut  near  the  outer  margin  as  but  three  segments  occur. 

Anomalina  grosserugosa  is  known  in  late  Cretaceous 
formations  but  we  are  not  aware  that  it  has  hitherto  been  recognized 
in  Paleozoic  formations. 

Genus  PULVINULINA  Parker  & Jones 

It  is  singular  that  Pulvinulina  should  have  been  recorded  in 
deposits  of  Lower  Cambrian  age1,  as  it  is  a beautiful  example  of 
higher  rotaline  forms.  It  is,  however,  constructed  with  fewer 
chambers  than  most  of  the  related  genera,  but  these  vary  in  number 
from  seven  to  twenty-six,  and  the  shell  wall  is  without  a canal 
system.  It  is  often  prismatic  in  structure,  approaching  nummuline 
character,  seen  so  well  in  Amphistegina  and  Nummulites.  Brady 
in  his  Carboniferous  monograph  recognizes  but  one  species  of  this 
genus,  but  this  type  is  not  present  in  our  cherts.  In  some  of  the 
highest  types  a faint  canal  system  develops,  but  it  is  not  distinct 
as  in  Rotalia. 

We  recognize  three  species  which  seem  to  belong  to  this  genus, 
and  fortunately  some  of  these  are  cut  on  edge  so  as  to  delineate 
the  convex  feature  all  such  forms  possess. 

1Ehrenberg,  Monats.  Preuss.  Akad.  Wiss.  Berlin,  1858,  p.  324-27,  pi.  1. 
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Pulvinulina  boueana  (d’Orbigny) 

Plate  6,  figures  3,  4 a,  b 

Rotalina  b o u e a n a d’Orbigny,  1848,  Foram.  Foss.  Vienne,  p.  152, 
pi.  vii,  figs.  25-27 

Pulvinulina  boueana  Vadasz,  1910,  Triasforam.  aus  dem  Bakony, 
p.  33,  pi.  ii,  figs.  9,  10 

This  species  of  Pulvinulina  must  not  be  confused  with  Trun- 
catulina  boueana  d’Orbigny  possessing  only  seven  or  eight 
segments.  The  septa  are  more  arched  and  there  are  three  whorls 
of  about  sixteen  segments  of  which  eight,  or  sometimes  nine,  are 
in  the  final  volution. 

This  type  is  found  on  slide  i and  is  an  excellent  example  of  the 
species. 

This  foraminiferan  has  been  figured  from  the  Septaria  Clays  by 
Reuss  and  the  London  Clays  by  Sherborn  & Chapman,  while  the 
Trias  specimens  described  by  Vadasz  were  from  the  Protrachyceras 
zone  near  Felsoors. 

According  to  d’Orbigny,  the  species  still  lives  in  the  Adriatic 
ocean,  but  it  does  not  appear  to  have  been  identified  or  described 
by  Brady  in  his  exhaustive  monograph  on  Recent  Foraminifera  of  the 
Challenger  Expedition.  Brady  gives  as  its  isomorph  forms  D i s - 
corbina  saulcii  d’Orbigny,  Truncatulina  akneri- 
a n a d’Orbigny  and  Rotalia  exsculpta  Reuss.  Cross 
sections  of  these  types  in  fossil  form  would  be  inseparable  unless 
cut  in  transverse  section  instead  of  horizontal. 

Pulvinulina  elegans  (d’Orbigny) 

Plate  6,  figures  5,  6a,  b,  c 

Rotalia  elegans  d’Orbigny,  1826,  Ann.  Sci.  Nat.,  7:276,  no.  54 

Pulvinulina  repanda  (Fichtel  & Moll)  var.  elegans  Parker  & 
Jones,  1865,  Phil.  Trans.,  155:397,  pi.  xvi,  figs.  44-46 

Rotalina  partshiana  (d’Orbigny)  1 846,  Foram.  Foss.  Vienne, 
p.  I53t  P1-  vii*  figs-  28-30,  pi.  viii,  figs.  1-3 

Pulvinulina  elegans  Goes,  1894,  X.  Sv.  Vet.  Akad;  Handl.,  v.  25, 
no.  9,  p.  97,  pi.  xvi,  fig.  808 

On  slide  5 (X)  we  find  a transverse  section  of  a small,  but  stoutly 
built,  conical  Pulvinulina  near  P.  elegans.  The  internal 
structure  is  somewhat  nummuline  as  shown  in  published  sections 
of  its  relative,  Pulvinulina  partschiana  (d’Orbigny) , 
from  which  this  species  is  with  difficulty  separated.  The  lower 
surface  is  weakly  convex,  almost  fiat,  while  the  superior  face  is 
highly  coned.  The  segmentation  is  not  fully  determined  in  our 
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specimen;  but  there  are  three  volutions  or  whorls  visible,  and  under 
different  focusing  one  can  determine  their  general  position.  The 
shell  wall  is  prismatic  and  thick,  closely  like  the  nummuline  structure 
of  Pulvinulina  partschiana,  shown  on  page  700  of 
the  Challenger  Report,  volume  9,  but  the  chambers  are  more  circular 
than  this  type  shows.  Brady  in  his  Challenger  Report  does  not 
attempt  to  separate  these  two  species ; but  considers  P . part- 
schiana a smaller,  more  convex,  thinner  walled  form  than 
P.  elegans,  and  adds  that  P.  elegans  occurs  more  often 
in  shoal  waters  while  P.  partschiana  is  usually  a deep  water 
form.  On  the  other  hand,  he  considers  P.  elegans  more  typical 
of  warm  waters,  though  occurring  with  its  congenitor  in  all  oceans. 

Goes  identified  P.  elegans  in  waters  of  the  Arctic  ocean  and 
states  that  it  is  rare  at  1750  meters.  As  a fossil  it  is  better  known 
than  P.  partschiana.  It  occurs  from  the  Trias  through 
succeeding  formations,  but  is  perhaps  better  known  as  a Cretaceous 
type. 

The  vertical  transverse  section  we  are  describing  measures  0.15 
mm  in  length  (diameter)  and  0.07  mm  through  the  cone  apex.  It  is 
very  probable  that  this  form  occurs  in  some  of  our  rotaline  cross 
sections;  but,  if  so,  they  are  difficult  to  identify  or  separate  from 
other  Pulvinulinae  which  we  know  occur  in  these  cherts. 

Pulvinulina  micheliniana  d’Orbigny 

Plate  6,  figures  7,  8a,  b,  c 

Rotalina  truncatulinoides  .d’Orbigny,  1839,  Foram.  Canaries, 
p.  132,  pi.  ii,  figs.  25-27 

Rotalina  micheliniana  d’Orbigny,  1840,  Mem.  Soc.  Geol. 
France  4:31,  pi.  iii,  figs.  1-3 

Pulvinulina  micheliniana  Parker  & Jones,  1865,  Phil.  Trans., 
I55:396,  pi.  xiv,  fig.  16 

A peculiar  diagonal  cross  section  of  a form  on  slide  i seems  to 
belong  to  this  species,  but  it  is  somewhat  uncertain  owing  to 
the  fact  that  not  all  segments  are  visible.  The  center  chambers 
are  perfect  and  distinctly  rotaline;  but  the  outer  margin  seems 
to  be  somewhat  disconnected  or  discontinuous  from  these,  which 
show  on  a vaulted  and  highly  thickened  wide  margin  a high  and 
sharp  edged  spire.  It  is  possible  that  this  form  is  Truncatu- 
lina  refulgens  (Montfort)  which  is  the  isomorph  of  the 
Pulvinulina  type ; but  from  the  thickened  border  and  highly  invo- 
lute and  many  segmented  inner  whorls,  I think  it  is  more  likely  to 
be  Pulvinulina  than  Truncatulina.  If  the  indefinite  and  vaulted 


1 90 


NEW  YORK  STATE  MUSEUM 


external  arch  is  not  a part  of  the  interior  segments,  then  our  deter- 
mination is  erroneous.  Pulvinulina  micheliniana  has 
been  found  in  Arctic  waters  today  and  is  well  known  as  far  back  as 
the  Cretaceous,  where  it  is  rather  common. 

On  slide  5 (X),  near  Textularia  trochus,  we  find  a 
transverse  section  which  is  almost  certainly  Pulvinulina 
micheliniana,  as  it  is  close  to  what  a cross  section  of  the 
type  would  be,  the  vaulted  arch  being  less  symmetrical  than 
Truncatulina  refulgens  (Montfort) . An  excellent  diag- 
onally cut  specimen  is  seen  on  slide  4 near  the  spined  radiolarian. 

Genus  ROTALIA  Lamarck 

True  Rotaliae  form  but  a small,  rather  restricted,  group  as  com- 
pared with  Pulvinulina  and  Truncatulina.  They  possess  true  canal 
systems  between  the  septal  partitions  and  develop  a high,  turbinoid 
spire  with  many  chambers.  They  are,  however,  often  of  minute 
size,  and  while  today  Rotalia  is  abundant  in  shore  deposits  of  warm 
and  temperate  zones,  it  is  known  down  to  3000  fathoms.  When 
living  in  favorable  shoal  waters  it  is  larger  and  may  develop  supple- 
mental skeleton.  It  possesses  minute  pores  like  the  nummuline 
forms,  and  the  walls  are  of  fine  calcareous  texture. 

Geologically,  Rotalia  gees  back  to  the  lowest  Cambrian;  but  it 
does  not  become  abu  iiant  until  Mesozoic  time,  and  is  especially 
prominent  in  Cretaceous  and  Tertiary  formations.  We  have  one 
very  beautiful  and  large  foraminiferan  belonging  to  this  genus, 
Rotalia  orbicularis  (d’Orbigny) , which  measures  0.38  mm 
in  transverse  width. 

Rotalia  orbicularis  (d’Orbigny) 

Plate  6,  figures  9,  io 

Gyroidina  orbicularis  d’Orbigny,  1826,  Ann.  Sci.  Nat.,  7:278, 
no.  1,  Modele,  no.  13 

Rotalia  orbicularis  Parker  & Jones,  1865,  Phil.  Trans.,  155:389, 
pi.  xvi,  fig.  34 

Slide  5 (X)  shows  one  of  the  highest  rotaline  types  of  Foraminifera, 
namely  true  Rotalia.  Rotalia  has  double  septal  walls,  which  are 
very  apparent  in  the  higher  magnification  (X174)  given  this  cross 
section.  Canal  systems  are  not  present  in  many  rotaline  genera 
such  as  Cristellaria,  but  become  highly  specialized  in  Nonionina 
Polystomella  and  Nummulina.  We  regard  the  development  of 
Rotalia  as  most  remarkable.  Were  it  not  for  this  canal  structure 
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we  should  hesitate  to  identify  the  genus  in  such  an  early  occurrence; 
but  there  can  be  little  doubt  as  to  the  correct  generic  type,  although 
we  are  not  so  sure  about  the  specific  identification.  This  species 
seems  to  accord  more  closely  with  R.  orbicularis  than  any 
other  published  form,  but  the  margin  is  much  more  symmetrical 
and  not  so  lobate  as  some  figures  of  the  species.  The  specimen 
consists  of  eighteen  or  possibly  nineteen  chambers,  the  last  one 
broken  away;  and  there  are  ten  chambers  in  the  .last  convolution 
and  three  volutions  in  all.  The  diameter  is  0.013  mm,  maximum 
width. 

Rotalia  orbicularis  must  not  be  confused  with  Discor- 
bina  orbicularis  known  from  the  Trias  and  later  horizons. 
By  Parker  & Jones,  R.  orbicularis  is  considered  a variety  of 
Rotalia  beccarii  (Linne),  but  it  is  best  to  keep  the  two 
distinct.  It  occurs  today  in  the  North  Atlantic  and  Arctic  oceans 
and  Parker  & Jones  describe  the  species  as  follows:1  “This  extremely 
delicate  and  minute  abyssal  variety  of  R.  beccarii  is  but 
little  removed  from  R . s o 1 d a n i i ; but  it  is  smaller,  and  has 
its  upper  face  still  flatter  and  smoother  than  in  R . s o I d a n i i . 
It  is  in  shape  half  an  oblate  spheroid,  having  the  upper  side  flat, 
the  lower  forming  a low  rounded  cone.” 

Fossil  specimens  have  been  recorded  from  the  London  Clays 
and  the  Eocene  of  Paris,  and  it  seems  to  be  widely  distributed  in 
the  Tertiary.  The  genus  Rotalia  is  reported  from  Silurian  strata 
in  the  Llandovery  beds  but  it  does  not  seem  to  be  at  all  common 
until  the  Mesozoic. 


List  of  Foraminifera  Identified  in  the  Bonaventure  Cherts  of 

New  Brunswick 

1 Anomalina  grosserugosa  ( Gumbel ) 

2 Bolivina  dilatata  Reuss 

3 “ punctata  d'Orbigny 

4 “ reticulata  Hantken 

5 Bulimina  pupoides  d'Orbigny 

6 “ pyrula  d'Orbigny 

7 Cristellaria  acutauricularis  (Fichtel  & Moll) 

8 gibba  d'Orbigny 

9 Discorbina  orbicularis  ( d'Orbigny ) 


1 Phil.  Trans.,  1865,  p.  389 
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10  Globigerina  aequilateralis  Brady 

11 

bilobata  d'Orbigny 

12 

bulloides  d'Orbigny 

13 

var.  triloba 

14 

cambrica  Matthew 

15 

cretacea  {d'Orbigny) 

16 

didyma  Matthew 

17  Lagena  globosa  ( Montagu ) 

18  “ laevis  {Montagu) 

19  “ marginata  {Walker  & Boys) 

20  Nodosaria  communis  {d'Orbigny) 

21  “ radicula  {Linne) 

22  “ soluta  Reuss 

23  Orbulina  ovalis  Matthew 

24  “ porosa  Terquem 

25  “ uni versa  d'Orbigny 

26  Polymorphina  communis  d'Orbigny 

27  “ compressa  d'Orbigny 

28  “ gibba  d'Orbigny 

29  Pulvinulina  boueana  {d'Orbigny) 

30  “ elegans  {d'Orbigny) 

31  “ micheliniana  {d'Orbigny) 

32  Rotalia  orbicularis  {Terquem) 

33  Textularia  gibbosa  d'Orbigny 

34  “ globulosa  Ehrenberg 

35  “ gramen  d'Orbigny 

36  “ pupa  Reuss 

37  “ trochus  d'Orbigny 

38  Truncatulina  boueana  {d'Orbigny) 

39  “ lobatula  {Walker  & Jacob) 

40  “ ungeriana  {d'Orbigny) 

41  Valvulina  sp. 

42  Verneuilina  pygmaea  Egger 

43  Virgulina  schreibersiana  d'Orbigny 

44  “ squamosa  Czjzek 

45  “ subsquamosa  Egger 
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GENUS  TEXTULARIA  DEFRANCE 


Textularia  gibbosa  d’Orbigny 

1 Thin  section,  x 58.  (Slide  1) 

2 Entire  specimen,  x 30.  a,  lateral  view;  b , end  view.  (After 

.Brady,  Pal.  Soc.,  v.  30,  1876,  pi.  10,  figs.  26  a,  b ) 

Textularia  globulosa  Ehrenberg 

3 Thin  section,  x 174.  (Slide  3) 

4 Entire  specimen,  x 75.  a,  lateral  (front)  view;  b,  side  view; 

c,  end  view.  (After  Jones,  Pal.  Soc.,  v.  49,  1895,  pi.  6, 
figs.  18  a,  b,  c ) 

Textularia  gramen  d’Orbigny 

5 Thin  section,  x 174.  (Slide  4) 

6 Entire  specimen,  lateral  view,  x 60.  (After  Cushman,  U.  S.  G.  S. 

Bui.  676,  1918,  pi.  2,  fig.  1 a) 

Textularia  pupa  Reuss 

7 Thin  section,  x 174.  (Slide  3) 

8 Entire  specimen,  a,  front  view;  b,  side  view.  (After  Reuss, 

Sitz.  Akad.  Wiss.  Wien,  v.  40,  i860,  pi.  13,  figs.  5 a,  b. 
The  largest  example  measured  1.2  mm  in  length;  0.62  mm  in 
breadth) 

Textularia  trochus  d’Orbigny 

9 Thin  section,  x 116.  (Slide  5 (X)) 

10  Entire  specimen,  x 12.  a,  lateral  view;  b,  end  view.  (After 

Jones,  Parker  and  Brady,  Pal.  Soc.,  v.  19,  1865,  pi.  3, 
figs.  17,  18) 

GENUS  VALVULINA  D’ORBIGNY 

Valvulina  sp. 

11  Thin  section,  x 58.  (Slide  1) 

12  Thin  section  of  a smaller  type  and  different  species,  x 174. 

(Slide  4) 
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GENUS  VERNEUILINA  D ORBIGNY 


Verneuilina  pygmaea  (Egger)  ? 

1 Thin  sections,  x 174.  a,  short*  stout  form;  b , long  form. 

(a,  slide  2 ; b,  slide  4) 

2 Entire  specimens,  lateral  views,  x 35.  a,  short,  stout  form; 

b , long  form.  (After  Brady,  Chal.  Rep’t,  v.  9,  pi.  47,  figs.  4,  6) 

GENUS  BULIMINA  D’ORBIGNY 

Bulimina  pupoides  d’Orbigny 

3 Thin  section,  x 174.  (Slide  1) 

4 Entire  specimen,  lateral  view,  x 175.  (After  Bagg,  U.  S.  G.  S. 

Bui.  268,  1905,  pi.  3,  fig.  2) 

Bulimina  pyrula  d’Orbigny 

5 Thin  section,  x 290.  (Slide  1) 

6 Entire  specimen,  lateral  view,  x 25.  (After  Bagg,  U.  S.  G.  S. 

Bui.  513,  1912,  pi.  9,  fig.  id) 

GENUS  VIRGULINA  D’ORBIGNY 

Virgulina  schreibersiana  Czjzek 

7 Thin  section,  x 174.  (Slide  2) 

8 Entire  specimen,  x 24.  (After  Parker  and  Jones,  Phil.  Trans., 

v.  155,  1865,  pi.  15,  fig.  18) 

Virgulina  squamosa  d’Orbigny 

9 Thin  section,  x 174.  (Slide  2) 

10  Entire  specimen,  length  1.16  mm.  (After  Goes,  K.  Sv.  Vet. 

Akad.  Handl.,  v.  25,  1894,  pi.  9,  fig.  456) 

Virgulina  subsquamosa  Egger 

11  Thin  section,  x 174.  (Slide  2) 

12  Entire  specimen,  length  0.48  mm.  (Ref.  cit.,  pi.  9,  fig.  474) 

Virgulina  sp. 

13  Thin  section,  x 116.  (Slide  3) 
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Plate  3 

GENUS  BOLIVINA  D’ORBIGNY 

Bolivina  dilatata  Reuss 

1 Thin  section,  x 174.  (Slide  5 (X)) 

2 Entire  specimen,  x 100.  (After  Brady,  Parker  and  Jones,  Trans. 

Zool.  Soc.,  v.  12,  1888,  pi.  43,  fig.  3) 

Bolivina  punctata  d’Orbigny 

3 Thin  section,  x 232.  (Slide  1) 

4 Entire  specimen,  length  0.78  mm.  (After  Goes,  K.  Sv.  Vet. 

Akad.  Handl.,  v.  25,  1894,  pi.  9,  fig.  476) 

Bolivina  sp.,  perhaps  B.  reticulata  Hantken 

5 Thin  section,  x 116.  (Slide  6) 

6 Entire  specimen  of  B.  reticulata,  x 70.  (After  Brady, 

Chal.  Rep’t,  v.  9,  1884,  pi.  53,  fig.  30) 

Bolivina  sp.  ? 

7 Thin  section,  x 174.  (Slide  6)  This  may  be  a shortened  form 

of  B.  dilatata  Reuss ; its  outline  is  nearer  B . reti- 
culata Hantken  and  B . tenuis  Brady. 

GENUS  LAGENA  WALKER  & BOYS 

Lagena  globosa  (Montagu) 

8 Thin  section,  x 116.  (Slide  6) 

9 Entire  specimen.  (After  Vadasz,  Triasforam.  aus  dem  Bakony, 

1910,  pi.  1,  fig.  11.  Specimens  with  length  0.32  mm,  0.436  mm; 
breadth  0.2  mm,  0.4  mm) 

Lagena  laevis  (Montagu) 

10  Thin  section,  x 174.  (Slide  2) 

11  Entire  specimen,  x 1*5?.  (After  Bagg,  U.  S.  G.  S.  Bui.  513,  1912, 

pi.  13,  fig.  6 a) 

Lagena  marginata  (Walker  & Boys) 

12  Thin  section,  x 116.  (Slide  3) 

13  Entire  specimen,  x 24.  (After  Parker  and  Jones,  Phil.  Trans., 

v.  155,  1865,  pi.  13,  fig.  42a) 
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GENUS  NODOSARIA  LAMARCK 

Nodosaria  communis  d’Orbigny 

14  Thin  section  based  on  sketch  by  author.  (Slide  1) 

15  Entire  specimen,  x 8§.  (After  Bagg,  U.  S.  G.  S.  Bui.  513, 

1912,  pi.  16,  fig.  8) 

Nodosaria  radicula  (Linne) 

16  Longitudinal  section.  (After  Brady,  Pal.  Soc.,  v.  30,  1876,  pi.  10, 

fig.  10) 

17  Entire  specimen.  (Ref.  cit.,  pi.  10,  fig.  6) 

Nodosaria  soluta  Reuss 

18  Thin  section,  x 174.  (Slide  2) 

19  Entire  specimen.  (After  Vadasz,  Triasforam.  aus  dem  Bakony, 

1910,  pi.  1,  fig.  14a.  Length  1.5  mm;  breadth  .0316  mm) 

GENUS  CRISTELLARIA  LAMARCK 

Cristellaria  acutauricularis  (Fichtel  & Moll) 

20  Thin  section,  x 116.  (Slide  5 (X)) 

21  Entire  specimen,  x 70.  (After  Brady,  Chal.  Rep’t,  v.  9,  1884, 

pi.  1 14,  fig.  17a) 

Cristellaria  gibba  d’Orbigny 

22  Thin  section,  x 174.  (Slide  4) 

23  Entire  specimen,  x 25.  (Ref.  cit.,  pi.  69,  fig.  9) 
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Plate  4 

GENUS  POLYMORPHINA  D’ORBIGNY 

Polymorphina  communis  (d’Orbigny) 

1 Thin  section,  x 232.  (Slide  5 (X)) 

2 Entire  specimen,  periphero-lateral  aspect.  (After  Bagg,  U.  S. 

G.  S.  Bui.  513,  1912,  pi.  21,  fig.  14) 

Polymorphina  compressa  d’Orbigny 

3 Entire  specimen,  x 24.  a,  front  view;  b , side  view.  (After 

Parker  and  Jones,  v.  155,  1865,  pi.  13,  figs.  47,  49) 

Polymorphina  gibba  d’Orbigny 

4 Thin  section,  x 174.  (Slide  6) 

5 Entire  specimen,  x 120.  (After  Cushman,  U.  S.  G.  S.  Bui.  676, 

1918,  pi.  2,  fig.  4) 

GENUS  ORBULINA  D’ORBIGNY 

Orbulina  ovalis  Matthew 

6 Thin  section,  x 116.  (Slide  4) 

7 Entire  specimen,  x 20.  (After  Matthew,  N.  Y.  Acad.  Sci., 

v.  14,  1895,  pi.  1,  fig.  2) 

Orbulina  porosa  Terquem 

8 Thin  section,  x 174.  (Slide  6) 

9 Entire  specimen,  diameter  0.32  mm.  (After  Vadasz,  Triasform. 

aus  dem  Bakony,  1910,  pi.  1,  fig.  30  (in  error  for  fig.  31) 

Orbulina  universa  d’Orbigny 

10  Thin  section  of  single-chambered  form,  x 116.  (Slide  5 (X)) 

11  Entire  specimen,  x 50.  (After  Brady,  Chal.  Rep’t,  v.  9,  1884, 

pi.  81,  fig.  11) 

12  Thin  section  of  double-chambered  form,  x 1 16.  (Slide  6) 

13  Entire  specimen,  x 50.  (Ref.  cit.,  pi.  81,  fig.  20) 
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GENUS  GLOBIGERINA  D’ORBIGNY 

Globigerina  bilobata  d’Orbigny 

14  Thin  section,  x 174.  (Slide  1) 

15  Entire  specimen,  x 175.  (After  Bagg,  U.  S.  G.  S.  Bui.  268, 

1905,  pi.  7,  fig.  8) 

Globigerina  bulloides  d’Orbigny 

16  Thin  section,  x 174.  (Slide  1) 

17  Entire  specimen,  x 50.  (After  Brady,  Chal.  Rep’t,  v.  9,  1884, 

pi.  79,  fig.  7 a) 

Globigerina  cambrica  Matthew 

18  Thin  section,  x 58.  (Slide  1) 

19  Entire  specimens,  x 10.  a , with  initial  chambers  external; 

b , with  initial  chambers  internal.  (After  Matthew,  N.  Y. 
Acad.  Sci.,  v.  14,  1895,  pi.  1,  figs.  5a,  b) 

Globigerina  didyma  Matthew 

20  Thin  section,  x 58.  (Slide  1) 

21  Entire  specimen,  x 10.  a,  front  view  showing  orifice;  b,  side 

view.  (Ref.  cit.,  pi.  1,  figs.  7 a,  b) 
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GENUS  GLOBIGERINA  D’ORBIGNY 

Globigerina  aequilateralis  Brady 

1 Thin  section,  x 174.  (Slide  6) 

2 Entire  specimen  (bottom  specimen),  x 50.  (After  Brady, 

Chal.  Rep’t,  v.  9,  1884,  pi.  80,  fig.  18) 

3 Surface  specimen,  x 50.  (Ref.  cit.,  pi.  80,  fig.  20) 

Globigerina  cretacea  d’Orbigny 

4 Thin  section,  x 174.  (Slide  1) 

5 Entire  specimens,  a,  superior  aspect;  b,  inferior  aspect. 

(After  Woodward  & Thomas,  13th  Ann.  Rep’t  Geol.  Surv. 
Minn.,  1884  (1885),  pi.  D,  figs.  18,  19) 

GENUS  DISCORBINA  PARKER  & JONES 

Discorbina  orbicularis  (Terquem) 

6 Thin  section,  x 174.  (Slide  6) 

7 Entire  specimen,  x 90.  a,  superior  aspect ; b,  peripheral  aspect. 

(After  Brady,  Chal.  Rep’t,  v.  9,  1884,  pi.  88,  figs.  4a,  c ) 

GENUS  TRUN CATULINA  D’ORBIGNY 

Truncatulina  boueana  d’Orbigny 

8 Thin  section,  x 174.  (Slide  1) 

9 Entire  specimen,  superior  aspect,  x 100.  (After  Brady,  Pal. 

Soc.,  v.  30,  1876,  pi.  6,  fig.  11) 

Truncatulina  lobatula  (Walker  & Jacob) 

10  Thin  sections,  x 174.  a,  cross  section  (slide  3);  b,  edgewise 

section  (slide  1);  these  sections  were  important  in  the 
identification  of  the  species 

11  Entire  specimen,  superior  aspect,  x 60.  (After  Brady,  Chal. 

Rep’t,  v.  9,  1884,  pi.  92,  fig.  10) 

Truncatulina  ungeriana  d’Orbigny 

12  Thin  section,  x 174.  (Slide  5 (X)) 

13  Entire  specimen,  superior  aspect;  length  0.42  mm,  thickness 

0.22  mm.  (After  Vadasz,  Triasforam.  aus  dem  Bakony, 
1910,  pi.  2,  fig.  6a) 
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GENUS  ANOMALINA  D’ORBIGNY 

Anomalina  grosserugosa  (Giimbel) 

1 Thin  section,  cut  edgewise,  x 116.  (Slide  i) 

2 Entire  specimen,  x 40-50.  a,  superior  aspect;  6,  peripheral 

aspect.  (After  Brady,  Chal.  Rep’t,  v.  9,  1884,  pi.  94, 
figs.  4 a,  c) 

GENUS  PULVINULINA  PARKER  & JONES 

Pulvinulina  boueana  (d’Orbigny) 

3 Thin  section,  x 232.  (Slide  1) 

4 Entire  specimen;  length  1 mm,  breadth  0.87  mm,  thickness 

0.42  mm.  a,  superior  aspect;  b,  inferior  aspect.  (After 
Vadasz,  Triasforam.  aus  dem  Bakony,  1910,  pi.  2, 
figs.  9a,  b) 

Pulvinulina  elegans  (d’Orbigny) 

5 Thin  section,  transverse,  x 174.  (Slide  5 (X)  ) 

6 Entire  specimen,  x 50.  a,  superior  aspect;  b,  inferior  aspect; 

c,  peripheral  aspect.  (After  Brady,  Parker  and  Jones, 
Trans.  Zoo.  Soc.,  v.  12,  1888,  pi.  46,  figs.  2 a,  b,  c ) 

Pulvinulina  micheliniana  (d’Orbigny) 

7 Thin  section,  x 174.  (Slide  1) 

8 Entire  specimen,  x 50.  a,  superior  aspect;  6,  inferior  aspect; 

c,  peripheral  aspect.  (After  Brady,  Parker  and  Jones, 
Trans.  Zoo.  Soc.,  v.  12,  1888,  pi.  46,  figs.  10 a,  b,  c) 

GENUS  ROTALIA  LAMARCK 

Rotalia  orbicularis  (d’Orbigny) 

9 Thin  section,  x 174,  showing  interseptal  canals  which  are  not 

seen,  or  at  least  not  well  defined  in  periphery.  (Slide 
5 (X)  ) 

10  Entire  specimen,  superior  aspect,  x 50.  (After  Brady,  Chal. 
Rep’t,  v.  9,  1884,  pi.  1 15,  fig.  6a) 
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A RECURRENT  PITTSFORD  (SALINA)  FAUNA 


BY  RUDOLF  RUEDEMANN 

The  discovery  of  a faunule  consisting  of  eurypterids,  crustaceans 
and  a few  brachiopods  and  mollusks  in  black  shale  intercalated  near 
the  base  of  the  Salina  beds  led  to  the  differentiation  of  these  basal 
beds  by  Doctor  Clarke  (1903)  as  Pittsford  shale. 

At  the  same  time  the  overlying  “ Salina  shales  ” of  earlier  authors 
were  separated  into  the  Vernon  and  Camillus  shales.  These  red, 
green  and  gray  shales  with  intercalated  abundant  gypsum  beds  and 
flaggy  dolomites,  though  reaching  a combined  thickness  of  a thousand 
feet,  have  proved  nearly  barren  of  fossils  until  two  years  ago  when 
Mr  Shelley  Crump  of  Pittsford  observed  fossils  in  the  Vernon  shale 
brought  out  of  the  barge  canal  at  Pittsford,  N.  Y.  He  informed 
Prof.  G.  H.  Chadwick  in  Rochester  of  his  discovery,  who  in  turn 
imparted  the  interesting  information  to  the  State  Museum. 

Two  weeks  collecting  by  C.  A.  Hartnagel  and  an  equal  time  given 
the  work  by  the  writer  and  his  assistants  have  altogether  furnished 
but  twenty-six  drawers  of  material,  which  proves  that  fossils  are  very 
rare  even  under  the  extremely  favorable  condition  of  collecting  from 
an  enormous  dump  pile.  The  novelty  and  peculiarity  of  the  faunule, 
however,  fully  repaid  for  the  often  discour agingly  slow  work  of  collect- 
ing. 

The  writer  made  a special  effort  to  get  noneurypterid  material 
that  would  aid  in  clearing  up  the  question  of  the  habitat  of  the 
eurypterids  which  form  the  dominant  element  of  the  fauna  and 
succeeded  in  finding  a small  number  of  brachiopods  and  mollusks. 

As  in  the  Pittsford  shale,  most  of  the  fossils  were  obtained  in  the 
dark  gray  to  black  shale  bands  and  the  dolomite  slabs.  There  occur, 
however,  fossils  also  in  the  green  shale,  especially  ostracods,  and  very 
rarely  eurypterids;  and  Professor  Chadwick  informs  me  that  he  has 
also  found  ostracods  in  the  red  shale. 

The  following  is  a list  of  the  forms  found : 

Lingula  semina  Ruedemann  c 
Lingula  sp.  rr 
*Rhipidomella  sp .•  rr 
*Atrypa  reticularis  (L)  rr 
*Trochoceras  aff.  costatum  Hall  rr 
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* Hexameroceras  chadwicki  Ruedemann  rr 
Worm-borings  cc 
Leperditia  scalaris  Jones  cc 
L.  sp.  r 

Emmelzoe  decora  Clarke  r 
*Ceratiocaris  salina  Ruedemann  cc 
C.  cf.  praecedens  Clarke  rr 
Eurypterus  pittsfordensis  Sarle  cc 
Mixopterus  multispinosus  ( Clarke  Ruedemann) 

*Hughmilleria  phelpsae  Ruedemann  rr 
*Pterygotus  vernonensis  Ruedemann  rr 

The  complete  list  of  the  Pittsford  shale  fauna  (see  Clarke  1901, 
Sarle  1901,  Ruedemann  1916)  is: 

Lingula  semina  Ruedemann  cc 
Pterinea  poststriata  Ruedemann  cc  ■ 

Hexameroceras  cf.  chadwicki  Ruedemann  rr 

Orthoceras  sp.  rr 

Leperditia  scalaris  Jones  cc 

Emmelzoe  decora  Clarke . r 

Pseudoniscus  roosevelti  Clarke  rr 

Ceratiocaris  praecedens  Clarke  rr 

Eurypterus  pittsfordensis  Sarle  c 

Mixopterus  multispinosus  ( Clarke  & Ruedemann)  rr 

Hughmilleria  socialis  Sarle  c 

H.  socialis  var.  robusta  Sarle  rr 

Pterygotus  monroensis  Sarle  rr 

A comparison  of  these  faunules1  brings  out  the  fact  that  they  are 
alike  in  their  general  aspect  and  composition.  Disregarding  the 
species  that  are  very  rare  in  either  of  the  two  formations  and  therefore 
might  be  present  in  the  other,  but  have  failed  of  observation,  the 
principal  difference  between  the  two  faunules  consists  in  the  common 
occurrence  of  Hughmilleria  socialis  in  the  Pittsford 
fauna  and  its  absence  in  the  Vernon  fauna  where  it  is  replaced  by  the 
rare  H.  phelpsae;  and  further  in  the  abundance  of  the  minute 
Ceratiocaris  salina  in  the  Vernon  shale,  which  as  yet 
has  not  been  observed  in  the  Pittsford  shale.  One  might  therefore 
well  designate  the  Pittsford  shale  as  the  horizon  of  H u g h m i 1- 

1The  new  forms  in  the  Vernon  shale  are  marked  with  an  asterisk.  The 
designations  of  frequency  of  occurrence  (cc,  c,  r,  rr)  are  only  relative. 
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leria  socialis,  and  that  of  this  higher  shale  as  that  of 
Ceratiocaris  salina.1 

The  prcminence  of  Hughmilleria  in  the  Pittsford  shale,  its  suppres- 
sion in  the  Vernon  shale  and  its  entire  absence  in  the  Bertie  waterlime 
and  in  still  later  eurypterid-faunas  are  significant  facts  in  regard  to 
the  age-determination  of  the  Shawangunk  grit  fauna.  The  Shawan- 
gunk  grit  was  correlated  with  the  Pittsford  shale,  when  its  fauna  was 
discovered  and  found  to  contain  as  its  dominant  element  a Hugh- 
milleria. This  conclusion  was  unavoidable  at  the  time,  the  genus 
Hughmilleria  then  not  being  known  from  any  other  horizon  and 
locality  in  this  country. 

The  discovery  of  the  Ordovician  eurypterid-faunas,  described  by 
Clarke  and  Ruedemann  in  the  Eurypterida  of  New  York  from  the 
Normanskill  shale  and  the  Schenectady  beds,  has  thrown  a different 
light  on  the  range  of  Hughmilleria,  for  in  these  Ordovician  faunas 
Hughmilleria  was  found  to  be  a constant  and  dominant  element. 

The  Hughmillerias  of  the  Pittsford  shale  and  Shawangunk  grit, 
not  being  specifically  identical  can  therefore  no  longer  be  considered 
as  demonstrating  the  taxonomic  equivalency  of  these  beds.  The 
Hughmillerias  of  the  Pittsford  shale,  Vernon  shale  and  Shawangunk 
grit  are  clearly  the  last  stragglers  of  a once  flourishing  race  and,  as 
such,  of  less  stratigraphic  significance  than  they  would  be  otherwise. 
On  the  whole  their  occurrence  in  a Silurian  horizon  would  indicate 
an  age  earlier  than  the  Bertie  waterlime  and  a relative  dominancy  of 
species  of  Hughmilleria  would  point  to  a comparatively  early  Silurian 
age. 

NOTES  ON  THE  FOSSILS  OF  THE  VERNON  SHALE 

Hexameroceras  chadwicki  nov. 

Plate  3,  figures  7-9 

Professor  Sarle  (1903,  p.  1085)  cited  from  the  Pittsford  shale  a 
“ pentalabiate  Gomphoceras.”  The  specimen  to  which  Professor 
Sarle  had  reference  is  now  in  the  State  Museum  and  consists  of  a 
living  chamber  with  poorly  preserved  aperture,  leaving  it  undecided 
whether  the  form  belongs  to  Pentameroceras  or  Hexameroceras  (see 
Ruedemann,  1916,  pi.  27,  fig.  1). 

The  Vernon  shale  has  afforded  a specimen,  here  figured,  that  in 
size  and  outline  agrees  with  the  fragment  from  the  Pittsford  shale  and 

1As  pointed  out  to  me  by  Mr  Hartnagel,  it  is  of  interest  to  note  that  the 
occurrence  of  this  fauna  is  near  the  western  terminus  of  the  red  Salina  shales. 
This  may  explain  the  fact  that  the  development  of  the  Vernon  at  Pittsford  is  not 
quite  typical  and  also  account  for  the  presence  of  a higher  intercalation  of  dark 
fossiliferous  shale. 
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probably  belongs  to  the  same  species;  and  that  at  the  same  time 
exhibits  a well-preserved  aperture  leaving  no  doubt  of  its  proper 
generic  reference  to  Hexameroceras.  We  will  therefore  describe  it 
and  we  take  pleasure  in  naming  it  after  Professor  Chadwick  who 
kindly  informed  us  of  the  opportunity  of  collecting  in  the  Vernon 
shale  at  Pittsford. 

The  holotype  of  the  species  consists  of  a living  chamber,  very 
much  compressed  in  the  axial  direction  of  the  cephalopod,  but 
apparently  undisturbed  in  transverse  direction. 

The  section  was  oval,  with  the  dorsal  and  ventral  extremities 
slightly  produced  and  acute,  the  ventral  one  more  so  than  the  dorsal. 
The  dorso-ventral  axis  measures  45.5  mm  at  the  widest  part;  the 
minor  axis  37.5  mm.  The  length  of  the  much  compressed  living 
chamber  is  about  15  mm.  The  aperture  is  20.5  mm  at  its  widest 
(dorsal)  extremity  and  about  31  mm  long.  It  consists  of  six  deep 
brachial  sinuses,  three  on  each  side,  and  one  median  sinus  on  the  ven- 
tral side.  The  sinuses  decrease  in  size  toward  the  ventral  side,  so 
that  at  the  third  pair  the  aperture  is  but  1 1 mm  wide.  The  dorsal 
brachial  sinuses  are  the  deepest;  they  and  the  following  pair  are 
perpendicular  to  the  axis  of  the  aperture,  while  the  third,  smallest 
pair  is  oblique  to  the  axis.  The  median  sinus  is  small  and  continued 
into  the  hyponomic  slit  leading  into  the  hyponomic  sinus,  which  was 
at  the  ventral  extremity  of  the  shell,  but  is  not  fully  preserved. 

The  siphuncle  which  is  seen  on  the  underside  of  this  specimen,  is 
marginal  on  the  ventral  side,  and  about  7 mm  wide. 

Two  camerae  preserved  under  the  living  chamber  suggest  a low, 
narrow  saddle  on  the  ventral  side  and  a broad,  low  saddle  on  the 
dorsal  side. 

A second,  smaller  specimen  (plate  3,  figure  9 ) is  compressed 
’aterally  and  serves  to  show  the  shortness  of  the  living  chamber, 
which  is  16.5  mm  long  and  30  mm  wide.  The  camerae  are  very 
shallow  in  depth,  about  one-twelfth  of  the  greatest  width,  and  the 
septa  seem  to  have  been  equally  shallow. 

Horizon  and  locality.  Vernon  and  Pittsford  shale  at  Pittsford 

N.  Y. 


Mixopterus  multispinosus  (Clarke  and  Ruedemann) 

Plate  I,  figures  3-7;  plate  2,  figures  1-4;  plate  3,  figures  4-6 

Clarke  and  Ruedemann  (1912,  p.  297)  have  described  as  Sty- 
lo n u r u s (Ctenopterus)  multispinosus  a 
species  of  eurypterid  from  the  Pittsford  shale,  that  was  based  on 
two  walking  legs  and  a sternite.  The  longer  one  of  the  walking 
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legs,  through  its  series  of  fine,  long,  slender  spines  on  the  fourth 
joint,  appeared  to  us  as  a typical  representative  of  the  subgenus 
Ctenopterus  of  Stylonurus,  no  such  longitudinal  series  having  then 
been  observed  in  any  other  Eurypterid  genus  except  Ctenopterus 
and  the  Ordovician  Echinognathus.  In  the  latter  of  these,  how- 
ever, the  spines  are  differently  shaped  and  form  a contiguous  series, 
and  the  endognathite  is  not  slender  but  short  and  compact. 

To  our  surprise,  the  collecting  in  the  Vernon  shale  furnished  speci- 
mens that  combine  this  Ctenopterus  leg  with  the  body  of  an  Eusarcus, 
as  far  as  outline  of  carapace,  position  of  eyes,  form  of  metastoma, 
predominant  length  of  second  pair  of  endognathites,  shape  of  swim- 
ming legs,  surface  sculpture  and  curved  telson  spine  are  concerned. 
On  the  other  hand,  the  preabdomen  is  not  much  broader  than  the 
posterior  edge  of  the  carapace  and  not  at  all  broadly  subcircular,  as 
in  Eusarcus;  and  gradually  contracting  into  the  postabdomen,  in 
this  regard  again  recalling  Stylonurus.  It  is  thus  obvious  that  this 
form  combines,  in  a curious  way,  characteristic  features  of  Eusarcus 
with  certain  characters  of  Stylonurus. 

A character  apparently  foreign  to  both  Stylonurus  and  Eusarcus 
is  the  development  of  two  longitudinal  furrows  on  the  tergites  of  the 
post  abdomen,  which  separate  the  flat  lateral  portions  of  the  tergites 
from  the  convex  axial  part  and  give  the  abdomen  a trilobed  aspect. 
This  feature  had  already  been  observed  by  F.  Schmidt  (1904)  in 
his  Stylonurus  simonsoni  and  described  as  “ Dorsalfur- 
chen.”  Clarke  and  Ruedemann  (1912,  p.  231)  have  later  placed  this 
species  of  the  Baltic  Silurian  with  Eusarcus  and  it  is  quite  probable 
that  it  is  congeneric  with  our  multispinosus. 

The  generic  term  Mixopterus1  is  here  proposed  for  forms  which, 
like  the  genotype  M.  multispinosus,  unite  the  following 
characters  of  Eusarcus,  namely:  subtriangular  carapace;  forward 
submarginal  position  of  compound  eyes,  subtriangular  form  of  metas- 
toma, predominant  length  of  second  pair  of  endognathites  and 
decreasing  length  of  following  endognathites,  powerful  swimming 
legs  with  long  blade  and  short  proximal  joints,  and  curved  telson 
spine,  with  the  following  characters  of  Stylonurus  (subg.  1,  Ctenop- 
terus), namely:  a relatively  narrow  preabdomen,  and  gradually 
contracting  postabdomen,  and  a series  of  longitudinally  arranged 
vertically  attached  spines  upon  the  longer  endognathites.  A feature 
sui  generis  in  this  genus  are  the  “ dorsal  furrows  ” upon  the  preab- 
domen. 


^rom  Greek  MZ^f,  a mingling. 


210 


NEW  YORK  STATE  MUSEUM 


We  are  now  also  enabled  to  give  a full  description  of  the  species 
M.  multispinosus  (Clarke  and  Ruedemann). 

Description.  Body  of  small  size,  ovate-lanceolate  in  form,  a 
little  more  than  three  times  as  long  as  wide,  broadest  at  one-third  of 
its  length,  moderately  convex. 

Cephalothorax  fairly  large,  occupying  about  one-fifth  of  the  length 
of  the  body.  Carapace  trapezoidal  in  outline,  about  one-fifth  wider 
than  long  (excluding  the  frontal  process) , widest  at  base  and  contract- 
ing to  about  five-sixths  of  its  basal  width  by  slightly  converging, 
somewhat  concave  lateral  margins.  Antero-lateral  angles  well 
rounded ; anterior  margin  extended  into  a rectangular  snoutlike  pro- 
cess, about  two-sevenths  the  anterior  width  of  the  carapace  and  twice 
as  wide  as  long.  Its  anterior  margin  is  straight.  The  compound 
eyes  are  small,  but  prominent,  suboval  in  outline,  situated  at  the 
frontal  margin,  just  outside  the  base  of  the  protruding  anterior  pro- 
cess. The  ocelli  are  situated  on  a prominent  circular  mound,  placed 
one-third  of  the  length  of  the  carapace  (excluding  anterior  process) 
from  the  frontal  margin. 

Abdomen.  The  abdomen  is  ovate-fusiform  in  outline;  the  preab- 
domen about  as  long  as  wide,  gradually  widening  to  the  fourth 
tergite;  its  greatest  width  surpassing  that  of  the  cephalothorax  by 
only  two-ninths ; thence  contracting  more  abruptly  to  the  postabdo- 
men, which  is  slender  conical,  contracting  in  the  first  three  segments 
preserved  to  three-fifths  of  its  original  width.  The  tergites  are  broad, 
short  plates,  the  largest  one  is  five  times  as  broad  as  long;  the  “ dorsal 
furrows  ” are  placed  a little  less  than  one-fourth  the  width  from  the 
lateral  margin.  The  sternites  are  relatively  a little  longer  than  the 
tergites ; the  operculum  about  four  times  as  wide  as  long.  The  female 
opercular  appendage  is  shaped  as  in  Eusarcus  scorpionis, 
extending  to  the  middle  of  the  postopercular  plate  and  terminating 
in  two  acute  lobes. 

The  telson  is  a slender  spine,  curved  as  in  Eusarcus  scor- 
pionis ; and,  as  in  that  species,  its  basal  portion  is  swollen  globularly 
on  the  ventral  side. 

Appendages.  Of  the  appendages  of  the  cephalothorax,  parts  of 
the  walking  and  swimming  legs,  and  the  metastoma  are  preserved. 
The  type  of  the  species  consists  of  a fairly  slender,  first  endognathite, 
and  the  extremely  long,  powerful,  second  endognathite.  The  more 
complete  specimens  from  the  Vernon  shale,  here  figured,  show  these 
two  and  also  sufficient  portions  of  the  third  and  fourth  endognathites, 
to  leave  no  doubt  that  the  latter  were  considerably  shorter  and  thinner 
than  the  second  pair  of  endognathites.  Plate  3,  figure  5,  represents 
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a separate  endognathite  which  distinctly  shows  the  massive  proximal 
joints  and  the  extremely  slender,  long,  curved  spines,  five  or  more  of 
which  are  arranged  in  longitudinal  series  on  each  joint.  The  swim- 
ming leg  is  as  in  E u s a r c u s scorpionis,  that  is,  of  massive 
proportions  and  furnished  with  a large  paddle.  The  first  to  sixth 
segments  of  the  swimming  leg  are  short,  stout  and  provided  with 
finely  interlocking  articulations. 

The  metastoma  is  sub  triangular,  heart-shaped,  its  width  but  little 
smaller  than  its  length.  The  frontal  margin  is  emarginate,  the 
posterior  part  produced  into  a blunt  lobe  in  a young  specimen. 
(See  pi.  1,  fig.  6) 

Ornamentation.  The  ornamentation  consists  on  most  parts  of 
the  body  of  extremely  minute  granules ; on  some  parts,  as  the  edge  of 
the  metastcma  and  the  postabdcmen,  especially  in  larger  specimens, 
the  granules  develop  into  distinct  disklike  or  lunate  scales,  like  those 
of  Eusarcus  scorpionis,  and  sometimes  into  elliptic,  drop- 
like scales  as  in  Echinognathus. 

Measurements.  The  most  perfect  specimen  has  a carapace  27  mm 
long  and  35  mm  wide  at  the  base  and  27.5  mm  wide  in  front.  The 
greatest  width  of  the  preabdomen  in  this  specimen  is  44  mm,  the 
length  of  five  tergites  40.5  mm.  The  compound  eyes  are  3 mm 
long.  In  another  specimen  where  the  preabdomen  is  38  mm  wide, 
the  anterior  end  of  the  postabdomen  is  24  mm  wide  and  the 
posterior  end  of  the  third  post  abdominal  segment  10.5  mm. 

There  is  no  doubt  that  Mixopterus  multispinosus 
reached  a much'  greater  length  than  the  two  bodies  here  figured,  for 
the  second  endognathite.  which  is  the  type  of  the  species,  is  three 
times  as  long  as  the  corresponding  part  attached  to  the  original  of 
plate  1,  figure  3,  and  we  have  before  us  a telson-spine,  23  mm  wide 
at  the  anterior  end  and  originally  at  least  1 dm  long.  This  would 
indicate  a specimen  at  least  4 dm,  or  considerably  more  than  a foot 
long. 

Horizon  and  locality.  Vernon  and  Pittsford  shale  at  Pittsford, 
Monroe  county,  N.  Y. 

Remarks.  M.  multispinosus  has  the  snout  like  frontal 
process  of  the  carapace  in  common  with  Eusarcus  vaningeni 
Clarke  and  Ruedemann,  E.  cicerops  (Clarke)  and  the  Ordo- 
vician types,  E.  nasutus  and  linguatus  Clarke  and  Ruede- 
mann. Of  E.  cicerops,  specimens  have  been  observed  since  the 
publication  of  the  Eurypterida  of  New  York,  that  show  the  frontal 
process  much  more  pronounced  than  those  figured  in  that  work. 
Although  two  specimens  ofE.  vaningeni  were  found  with  the 
10 
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tonguelike  extension  bent  more  or  less  downward,  it  was  then  argued 
(op.  cit.,  p.  420)  that  this  was  probably  not  the  normal  position  of 
the  lobe. 

The  carapace  of  Mixopterus  multispinosus,  however, 
exhibits  a number  of  features  that  seem  to  suggest  a different  orienta- 
tion of  the  process,  in  this  species  at  least.  The  tonguelike  process 
is  separated  from  the  carapace  by  a ridge  that  is  in  line  with  the 
frontal  margin  of  the  carapace  and  it  is  surrounded  by  a suture.  Its 
straight  frontal  and  curved  lateral  margins  give  the  appearance  of  a 
lobe  cut  off,  or  rather  fitting  into  the  marginal  shield  of  the  ventral 
surface  of  the  carapace,  and  indeed,  the  specimen,  plate  1,  figure  3, 
shows  at  a rounded,  protruding  lobes  of  the  marginal  shield  which 
snugly  fit  into  the  sides  of  the  frontal  process.  Moreover,  the 
frontal  margin  of  the  carapace  is  not  straight  transversal  as  the 
trapezoidal  outline  would  have  one  expect,  but  is  curved  outward  in 
front  of  the  eyes,  and  this  curved  outline  is  continued  backward  into 
oblique  folds  that  pass  to  the  postero-lateral  corners  of  the  carapace. 
These  folds,  together  with  the  preocular  projections  delimit,  however, 
a perfectly  triangular  carapace  of  a typical  Eusarus  (see  diagram, 
plate  1,  figure  4).  One  can  therefore  not  help  feeling  that  the 
narrow  segments  ( b of  diagram)  at  the  antero-lateral  corners,  which 
give  the  carapace  in  the  specimen  a trapezoidal  outline,  are  also  parts 
of  the  head-shield,  that  were  originally  bent  downward  under  the 
shield,  and  only  became  flattened  out  when  the  ventral  integument 
of  the  cephalothorax  separated  from  the  carapace  along  the  lateral 
suture,  perhaps  in  moulting.  In  the  specimen,  here  figured,  it  is 
proved  to  have  become  separated  by  having  become  subsequently 
displaced  and  pushed  forward  of  the  carapace. 

As  in  Eusarcus  vaningeni,  concentric  wrinkles  upon 
the  middle  portion  of  the  carapace  indicate  that  this  part  was  con- 
siderably elevated  and  therefore  likely  to  have  steeply  inclined  cheeks 
with  reversed  curvature  in  the  lower  part. 

We  arrive  thus  at  a structure  of  the  ventral  side,  corresponding 
to  that  observed  in  Hughmilleria  (see  Clarke  and  Ruedemann,  p.  428) 
where  an  epistoma  and  two  flanking  antelateral  shields  have  been 
observed  as  integral  parts  of  the  marginal  shield  of  the  ventral  side. 
In  that  genus,  however,  these  plates  have  become  separated  by 
sutures  from  the  carapace  and  the  remainder  of  the  ventral  integu- 
ment. 

Worthy  of  special  notice  is  the  clasping  organ  of  the  male  (see 
plate  1,  figure  3)  observed  attached  to  the  first  endognathite  in  the 
most  complete  specimen.  It  appears  as  a fairly  large  (3  mm  long) 
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sickle-shaped,  thin  walled  (originally  hollow)  process  from  the  middle 
of  the  third  ( ?)  joint  of  the  first  pair  of  endognathites.  It  is  the  first 
time,  to  my  knowledge,  that  this  organ  has  been  observed  in  any 
American  eurypterid.  Holm  had  before  recognized  this  hccklike 
appendage  in  Eurypterus  fischeri,  where  it  is  attached  to 
the  fifth  segment  of  the  second  endognathite  (see  Clarke  and  Ruede- 
mann,  p.  157),  and  by  analogy  with  Limulus,  considered  it  as  a clasp- 
ing organ. 


Hughmilleria  phelpsae  nov. 

Plate  3,  figures  1-3 

The  Vernon  shale  has  furnished  two  specimens  of  a Hughmilleria 
that  proved  distinct  from  H . s o c i a 1 i s Sarle  of  the  underlying 
Pittsford  shale. 

The  specimens  consist  only  of  carapaces,  attached  to  which  are 
several  of  the  anterior  tergites  and  in  one  case  also  the  operculum 
and  female  opercular  appendage.  We  shall  therefore  merely  point 
out  the  differences  from  the  completely  known  H . s o c i a 1 i s that 
are  apparent  in  these  fragments. 

The  carapace  is  relatively  broader  and  shorter  in  this  species; 
while  in  H . s o c i a 1 i s length  and  width  are  about  equal,  the  width 
is  here  greater  by  one-fifth  to  one-fourth.  In  the  type  (plate  3, 
figure  2),  the  width  is  10  mm,  but  the  length  only  8 mm.  In  the 
other  larger  specimen,  the  two  dimensions  are  18  mm  and  13  mm 
respectively. 

The  compound  eyes  are  not  marginal  as  in  H . s o c i a 1 i s but 
distant  from  the  margin  about  one-half  the  length  of  the  eye. 

The  surface  sculpture  consists  on  the  carapace  of  five  parallel  lines 
along  the  frontal  margin,  irregularly  distributed,  small  tubercles  on 
the  posterior  portion  of  the  carapace  and  a fringe  of  fine  triangular 
scales  along  the  posterior  margin.  The  tergites  bear  three  to  four 
parallel  lines  along  the  posterior  margin,  which  posteriorly  are 
followed  by  five  scalloped  lines  which  finally  break  up  into  series  of 
faint,  separate,  lunate  scales.  In  the  larger  specimen  there  are  seen 
near  the  posterior  margin  of  the  second  tergite  traces  of  larger  prom- 
inent triangular  scales.  The  operculum  bears  imbricating  angular 
scales  asinH.  socialis. 

The  opercular  appendage  is  longer  than  that  of  H.  s o c i a 1 i s and 
posteriorly  expanded.  Likewise  is  the  appendage  of  the  following 
sternite  expanded  at  its  extremity. 

While  H.  phelpsae  is  clearly  distinct  from  H.  socialis 
n the  characters  here  pointed  out,  it  has  these  in  common  with 
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H.  shawangunk  Clarke,  which  not  only  possesses  a like  relatively 
broad  carapace  and  equally  inwardly  placed  compound  eyes,  but  also 
the  same  linear  sculpture  on  the  front  of  the  carapace  and  of  the 
tergites.  While,  however,  in  H.  shawangunk  this  linear 
sculpture  is  also  carried  to  the  ventral  side  (see  Clarke  and  Ruede- 
mann,  pi.  66,  fig.  7),  in  H.  phelpsae  the  ventral  side  pos- 
sesses the  angular  imbricating  scales  ofH.  socialis. 

While  thus  H.  phelpsae  and  H.  s h a w a n g u n k are  not 
identical  species  as  one  might  surmise  at  first  glance,  they  are  never- 
theless much  more  closely  related  to  each  other  than  are  H.  phelp- 
sae and  H.  socialis.  This  is  the  more  remarkable  in  view  of 
the  fact  that  H.  phelpsae  is  younger  than  H.  socialis  and  the 
related  H.  shawangunk  is,  according  to  some  authors  (Van 
Ingen,  Schuchert)  who  would  place  the  Shawangunk  grit  in  the 
Clinton  or  upper  Medina,  still  much  older  than  H.  socialis. 
The  Vernon  species  would  then  appear  as  a probable  late  descendant 
of  the  earlier  Shawangunk  form  rather  than  of  the  closely  preceding 
Pittsford  species. 

Pterygotus  ? vernonensis  nov. 

Plate  i,  figures  i and  2 

The  writer  has  collected  two  small  carapaces  in  the  Vernon  shale 
that  are  representative,  in  outline  and  position  of  compound  eyes, 
of  the  Pterygotus  group  of  the'  eurypterids,  but  not  identical  with 
the  Pterygotus  monroensis  of  the  Pittsford  shale  fauna;  differing 
from  the  latter  in  being  rectangular  in  shape  with  a straight  transverse 
frontal  margin,  while  in  P.  monroensis,  judging  from  the 
single  specimen  known,  the  carapace  is  semi-elliptic  and  well  rounded 
in  front. 

The  larger  carapace  is  10.5  mm  wide  and  7.5+  mm  long,  the 
smaller  one  (type)  is  4.5  mm  wide  and  4 mm  long.  The  carapace 
of  this  form  is  hence  relatively  short  when  compared  with  that  of 
other  congeners.  The  lateral  margins  are  nearly  straight  or  but 
slightly  sinuous,  the  frontal,  margin  gently  convex  and  the  antero- 
lateral corners  abruptly  rounded.  The  compound  eyes  are  placed 
in  these  corners,  occupying  the  projecting  points  of  the  latter,  and 
hence,  in  the  larger  specimen  at  least,  appearing  as  narrow  trunca- 
tions of  the  angle.  Median  eyes  subcentral.  Surface  in  the  smaller 
specimen  furnished  with  fine,  closely  arranged  tubercles  on  the 
posterior  portion  of  the  carapace;  in  the  larger,  with  short,  oblique, 
parallel  lines  along  the  lateral  margin. 
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These  carapaces,  in  their  subrect angular  outline  and  position  of 
the  compound  eyes  in  the  anterior  corners,  suggest  relationship  to 
the  peculiar  British  genus  Slimonia.  Similar  squarish  carapaces 
with  a like  position  of  the  compound  eyes  in  the  corners  have, 
however,  already  been  described  by  Clarke  and  Ruedemann  from 
the  Ordovician  rocks  of  New  York  and  have  not  been  found  accom- 
panied by  other  parts  of  the  body  indicative  of  relationship  to 
Slimonia,  such  as  the  telson,  and  walking  legs.  It  is  therefore 
thought  that  these  carapaces  merely  belong  to  a group  of  Pterygotus 
of  possible  subgeneric  rank,  to  be  segregated  with  more  complete 
material. 
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Pterygotus  ? vernonensis  nov. 

Fig.  i Carapace,  natural  size 
Fig.  2 Carapace  (type  specimen)  x 3 

Mixopterus  multispinosus  (Clarke  & Ruedemann) 

See  plate  2,  figures  1-4;  plate  3,  figures  5,  6 

Fig.  3 Dorsal  view  of  most  complete  specimen  found,  seen  from  the 
interior.  Natural  size 

a Anterior  lobe  of  marginal  shield  of  ventral  integument 
b Antero-lateral  lobe  of  carapace 
c Second  endognathite 
d Clasping  organ  in  place 

Fig.  4 Diagram  showing  relative  position  of  lobes  of  dorsal  ( b ) and 
ventral  sides  (a)  of  carapace.  The  portion  of  the  cara- 
pace exposed  on  dorsal  side  is  shaded 
Fig.  5 Telson  spine.  Natural  size 
Figs.  6,  7 Metastomas.  Natural  size 
The  originals  are  from  the  Vernon  shale  at  Pittsford,  N.  Y.,  and 
are  in  the  New  York  State  Museum. 
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SILURIAN  (VERNON  SHALE)  FOSSILS 
Pittsford  Fauna 

N.  Y.  State  Mus.  Bui.  219-20  plate  1 


G.  S.  Barkentin,  del. 
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Mixopterus  multispinosus  (Clarke  & Ruedemann) 

See  plate  I,  figures  3-7;  plate  3,  figures  5,  6 

Fig.  i Dorsal  aspect  of  specimen  retaining  the  preabdomen  and 
three  segments  of  the  postabdomen,  as  well  as  a fragment 
of  the  second  endognathite.  Natural  size,  taken  from  mold 
Fig.  2 Ventral  view  of  same  specimen 

Fig.  3 Dorsal  view  of  abdomen,  showing  well  the  “dorsal  furrows” 
Fig.  4 Opercular  appendage  (of  original  of  figure  2).  x 3 

Originals  from  Vernon  shale  at  Pittsford,  N.  Y.,  and  now  in  the 
New  York  State  Museum. 

220 


SILURIAN  (VERNON  SHALE)  FOSSILS 
Pittsford  Fauna 


Barken  tin,  del. 


TIE  UBfiAlV 
OF  TIE 

mmm  m 


Plate  3 
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Hughmilleria  phelpsae  nov. 

Fig.  i Specimen  (cotype)  retaining  part  of  carapace,  two  tergites 
and  operculum  with  opercular  appendage.  Natural  size 
Fig.  2 Type  of  species,  consisting  of  carapace  and  two  tergites. 
x 3 

Fig.  3 Enlargement  (iox)  of  sculpture  of  tergite 

Mixopterus  multispinosus  (Clarke  & Ruedemann) 

See  plate  i,  figures  3-7;  plate  2,  figures  1-4 

Fig.  4 Postabdominal  segment.  Natural  size 

Fig.  5 Endognathite.  Natural  size 

Fig.  6 Nearly  complete  swimming  leg.  Natural  size 

Hex^meroceras  chadwicki  nov. 

Figs.  7,  8 Two  views  of  type  specimen.  Natural  size 
Fig.  9 Lateral  view  of  cotype,  showing  length  of  living  chamber  and 
depth  of  air-chambers.  Natural  size 
The  originals  are  from  the  Vernon  shale  at  Pittsford,  N.  Y., 
and  are  now  in  the  New  York  State  Museum. 
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THE  RECONSTRUCTION  OF  THE  STERLINGBUSH 
CALCITE  CAVE 


BY  NOAH  T.  CLARKE 

It  may  be  of  interest  to  museum  workers  with  their  many  problems 
in  common,  to  know  something  of  the  story  of  this  remarkable  grotto 
now  housed  in  the  State  Museum. 

Several  years  ago  in  a quarry  at-Sterlingbush,  Lewis  county,  N.  Y., 
an  opening  of  some  4 feet  in  diameter  was  revealed  after  blasting. 
This  opening  proved  to  be  a puncture  in  the  wall  of  a grotto  which 
broadened  out  to  10  feet  in  width  and  5 feet  in  height  and  extended 
back  for  20  feet  to  a narrow  vault  of  4 feet  in  diameter,  continuing 
on  a gradual  slope  downward  for  20  feet  more  and  terminating  in  an 
inaccessible  and  almost  perpendicular  crevice.  Realizing  that  in 
the  course  of  quarrying  operations  the  crystal  contents  of  this  grotto 
must  be  destroyed,  it  was  decided  to  remove  them  to  a place  of 
permanence  where  the  public  might  have  access  to  an  exhibit  as 
near  like  the  original  as  practicable.  On  account  of  the  size  of  the 
crystals  the  task  of  removal  and  safe  shipment  of  some  1 4 tons  was  a 
tremendous  undertaking.  Some  of  them  weighed  as  much  as  a 
thousand  pounds  and  each,  whether  large  or  small,  was  a perfect 
geometric  development  of  calcium  carbonate  delicately  colored  by 
manganese  to  an  amethyst  in  reflected  light  and  pink  in  transmitted 
light. 

The  problem  of  reconstruction  was  ahead  and  careful  detailed 
study  of  the  project  had  to  be  assumed  and  worked  out  by  those 
skilled  in  many  arts.  A blind  closet  about  8 feet  square  beneath  an 
arch  in  the  mineral  hall  seemed  a likely  place  for  such  an  exhibit 
but  the  difficulty  in  this  was  to  obtain  in  such  a small  space  the 
depth  required  by  the  original  cave.  After  much  experiment  it 
was  found  that  by  placing  upright  a plate  glass  mirror  18  by  24  inches 
at  the  farthest  left-hand  corner  of  the  closet  and  at  an  angle  of  46° 
to  the  observer  and  also  a second  mirror  14  by  34  inches,  tipped  back 
slightly  and  hidden  from  view  in  a proposed  recess  on  the  right 
directly  opposite  the  first  mirror,  we  could  produce  an  apparent 
depth  of  25  feet  and  a gradual  slope  down  to  a narrow  passage,  as  in 
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the  original.  With  this  arrangement  the  spectator  could  not  see  his 
own  image  or  the  ordinary  visitor  detect  a mirror. 

The  iron  frame  work  which  was  to  support  the  weight  of  the  crystals 
was  built  of  1 1 inch  angle  iron  and  in  order  to  relieve  the  great 
strain  on  the  museum  floor  suspended  from  a roof  girder  by  a seven- 
eighths  inch  iron  rod  with  a turnbuckle. 

The  form  of  this  frame  was  determined  by  making  a full-size 
ground  plan  of  the  closet  and  by  bending  thin  strips  of  wood  into  the 
shape  of  the  intended  iron  ribs.  There  were  fifteen  of  these  ribs 
which  met  at  the  center  of  the  roof  and  were  bolted  in  place  to  a large 
circular  iron  plate.  The  general  shape  of  the  completed  framework 
was  that  of  an  irregular  dome  with  a false  floor  built  of  2 inch  angle 
iron  20  inches  above  that  of  the  museum  floor.  The  object  of  this 
was  to  place  the  visitor  in  a more  intimate  relation  to  the  exhibit  by 
bringing  the  crystals  into  greater  prominence.  An  opening  2J 
feet  square  was  provided  in  the  front  of  the  iron  work  to  allow  for  a 
window  for  the  observer. 

Our  attention  was  devoted  for  nearly  two  months  to  preparing 
the  crystals  for  exhibit  and  working  out  a method  to  fasten  them  to 
the  walls  and  roof.  There  was  a secondary  or  stalactitic  formation 
over  many  of  the  crystals  which  was  removed  by  applying  dilute 
hydrochloric  acid  with  a jeweler’s  brush,  always  exercising  great 
care  in  order  to  confine  the  acid  to  the  particular  spots  where  there 
was  crust,  so  as  not  to  injure  the  fine  sharpness  of  the  angles  and  the 
exposed  faces  of  the  clear  crystals. 

To  suspend  calcite  in  large  and  bulky  crystals  from  the  ceiling  and 
in  every  conceivable  position  at  any  angle  was  the  proposition  now 
before  us.  If  one  has  had  the  experience  of  drilling  a fine  calcite 
crystal  and  had  it  fly  into  a half  dozen  pieces  he  can  imagine  the 
discouragement  of  having  several  hundred  crystals  before  him  to  be 
drilled  accurately,  some  to  have  three  and  four  holes  each.  This  was 
exactly  the  problem.  We  devised  an  individual  clamp  which  would 
have  held  the  weight  of  the  crystal  but  to  make  a special  clamp  for 
each  separate  specimen  would  have  been  impracticable  on  account 
of  the  area  of  crystal  faces  concealed  and  the  expense  and  time 
required  to  make  them.  Further  experimenting  with  flat  drills 
nine  thirty-seconds  of  an  inch  and  seven  thirty-seconds  of  an  inch 
diameter  of  Stubb’s  English  steel,  hardened  in  water  and  drawn  to  a 
straw  color,  used  in  a lathe  turning  at  a slow  speed  of  about  400 
revolutions  a minute,  proved  to  be  a successful  method  to  obtain 
results.  This  way  we  were  able  to  obtain  a steady  motion  and  apply 
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a gradual  and  even  pressure,  so  essential  in  overcoming  the  difficulty 
of  boring  through  many  cleavage  planes  which  were  always  a constant 
source  of  trouble.  With  this  procedure,  out  of  all  the  lot,  just  two 
crystals  failed  us.  Thin  slabs  composed  of  clusters  of  small  crystals 
were  drilled  entirely  through.  An  iron  bolt  with  a loop  at  one  end 
was  fastened  in  these  holes  by  means  of  a nut  and  washer  on  both 
the  face  and  back  of  the  specimen.  The  exposed  nut  on  the  face  of 
these  clusters  was  easily  hidden  by  matching  a small  crystal  over  it. 
The  larger  specimens,  however,  were  bored  for  a depth  of  only  2 
inches  and  in  each  hole  was  set  a ij  inch  screw  eye;  the  heaviest 
crystals  necessitating  special  heavy  irons  of  the  same  shape.  By 
pouring  melted  sulphur  in  the  hole  and  immediately  plunging  into  it 
a red  hot  screw  eye,  we  had  a means  of  support,  when  cold,  by  which 
the  crystals  could  be  wired  in  any  position  to  the  iron  framework. 
Many  times  the  distance  between  the  iron  ribs  was  too  great  and 
necessitated  spanning  these  spaces  with  three-fourths  inch  or  ij 
inch  band  iron. 

The  actual  placing  in  position  of  the  crystals  was  started  at  the 
deepest  point,  which  was  around  the  mirror.  Small  areas  of  the 
frame  were  covered  as  needed  with  galvanized  iron  wire  screen  of 
one-fourth  inch  mesh.  After  a crystal  had  been  securely  wired  to 
the  framework,  a combination  of  cheese  cloth  and  plaster  woven 
over  the  wires  and  frame  between  the  screen  and  crystal  held  it 
permanently  in  the  exact  position  desired.  This  same  process  was 
continued  gradually  around  the  sides  and  roof  to  the  window. 

Each  time  a crystal  was  placed  there  were  three  points  to  consider : 
Did  it  fit  exactly  to  the  one  next  to  it?  Were  the  best  crystal  faces 
seen,  not  only  looking  directly  at  it  but  in  each  of  the  two  mirrors? 
Was  it  possible  to  place  behind  it  an  electric  light  which  could  not 
be  seen  from  three  sides?  These  questions  arose  simultaneously 
nearly  every  time  and  the  solution  was  simply  the  answer  given  by 
trying  out  each  of  them. 

The  construction  of  the  floor  was  the  last  and  comparatively  the 
easiest  operation.  Two-inch  spruce  planking  was  laid  over  the 
floor  girders  to  carry  this  great  weight  as  the  largest  crystals  of  the 
original  cave  were  found  on  the  bottom,  many  of  them  entirely  free 
on  all  sides  and  apparently  with  no  surface  of  attachment.  For  this 
reason  it  was  not  necessary  to  place  these  so  close  together,  which 
gave  a good  deal  of  leeway  for  electric  lights  with  shades. 

We  have  carefully  shaded  a system  of  twenty-one  lights  ranging 
from  10  to  60  Watt,  which  have  been  placed  behind  the  most  highly 
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colored  crystals.  The  astonishing  effect  of  glowing  soft  colors  by 
so  transmitting  the  light  could  not  be  achieved  in  any  other  way, 
and  although  this  condition  could  not  be  found  in  nature,  the  aid  of  a 
little  itensified  light  certainly  brings  out  and  emphasizes  the  exquisite 
beauty  which  would  otherwise  lie  dormant  or  be  lost. 


INSECTS  AND  THE  STATE 


BY  E.  P.  FELT 

Insects  outrank  all  other  animals  in  both  number  and  variety  of 
form  and  exert  a vastly  greater  influence  upon  human  welfare  than 
most  realize. 

They  feed  upon  and  destroy  our  garden  and  farm  crops,  they 
seriously  injure  both  fruit  and  trees  of  the  orchard,  they  defoliate  and 
ruin  shade  trees,  strip  the  leaves  from  forests  or  tunnel  the  wood  and 
thus  greatly  lessen  the  value  of  forest  products,  through  annoyance 
and  irritation  of  domestic  animals  they  greatly  reduce  the  amount 
and  value  of  dairy  products,  they  establish  themselves  in  dwellings 
and  not  only  defile  and  destroy  food  but  are  important  and  in  some 
cases  the  sole  agents  in  spreading  such  deadly  infections  as  typhoid 
fever,  typhus  fever,  yellow  fever,  malaria  and  bubonic  plague,  to 
mention  some  of  the  most  important.  The  loss  of  agricultural 
products  caused  by  insects  in  the  United  States  has  been  estimated  at 
a billion  dollars  annually  and  in  New  York  State  it  amounts  to  at 
least  fifty  million  dollars  a year.  It  is  only  necessary  in  this  connec- 
tion to  mention  the  codling  moth  cf  the  orchard,  the  Hessian  fly  of 
the  wheat  field,  the  boll  worm  of  the  cotton  field  and  our  latest 
addition,  the  European  corn  borer,  an  insect  which  threatens  enor- 
mous losses  throughout  the  extensive  corn-growing  areas  of  the 
United  States.  A considerable  proportion  of  this  waste  can  be 
avoided  by  the  adoption  of  preventive  and  remedial  measures. 

A primary  requisite  for  the  prevention  of  losses  caused  by  insects 
is  a knowledge  of  our  fauna  because  recognition  and  differentiation 
must  precede  fruitful  investigation  of  habits  and  biology,  which 
latter  is  necessary  to  the  most  effective  control. 

There  are  actually  more  species  or  kinds  of  insects  than  of  all  other 
forms  of  animal  life.  The  number  in  the  world  has  been  estimated 
by  various  authorities  at  from  one  to  ten  million.  We  have  in  the 
State  of  New  York  some  twenty  thousand  different  species,  each 
represented  by  at  least  four  well-marked  stages,  namely,  the  egg,  the 
larva,  variously  known  as  the  maggot,  grub  or  caterpillar,  the  pupa 
or  chrysalis  and  the  perfect  insect  or  adult.  Not  a few  show  well- 
defined  differences  between  the  sexes  as  well  as  in  the  various  larval 
stages,  and  it  is  therefore  no  exaggeration  to  state  that  we  have  about 
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one  hundred  thousand  different  forms  or  stages  — all  liable  to  attract 
notice  and  not  a few  capable  of  inflicting  serious  losses  in  one  way  or 
another,  and  for  this  reason  legitimate  subjects  of  inquiry  and 
investigation. 

The  richness  and  variety  of  insect  life  is  illustrated  in  the  state 
exhibit  collection  by  the  brilliantly  colored  bird  butterflies,  some  with 
a wing  spread  of  over  six  inches  and  others  noteworthy  because  of 
their  gorgeous  purple,  green,  blue  and  golden  hues,  while  the  group 
of  Morphos  shows  a brilliant  iridescence  equaling  that  of  the  gayest 
humming  birds  and  unrivaled  elsewhere  in  nature.  There  is  also  the 
dull-colored  bird-sized  Brazilian  moth  with  a wing  spread  of  nine 
inches,  the  giant  grasshopper  of  Panama  with  its  wings  spanning 
eight  inches  and  the  tropical  walking  stick  with  a stretch  of  sixteen 
inches  from  the  tip  of  the  forelegs  to  the  posterior  extremity  of  the 
body.  The  giant  rhinoceros  beetle,  relatively  elephantine  in  pro- 
portion, measures  six  inches  from  tip  to  tip,  while  a large  wocd- 
boring  beetle  has  feelers  or  antennae  eight  inches  long.  These  are 
marked  exceptions  and  present  strong  contrasts  to  the  small  moths, 
perfect  in  every  way,  frequently  exquisitely  colored,  and  with  a wing 
spread  of  only  one-fourth  of  an  inch  or  less,  or  the  tiny  gall  midges, 
some  with  a length  of  less  than  one-fiftieth  of  an  inch. 

The  exhibit  collection  with  its  ten  thousand  specimens  suggests 
the  size  of  the  state  collection  with  its  170,000  specimens,  accessible 
to  students  and  representing  all  the  well-known  insects  and  those  of 
many  groups,  which  ordinarily  escape  attention.  They  have  been 
assembled  during  a period  of  forty  years  and  are  invaluable  not  only 
because  of  the  numerous  species  represented  but  on  account  of  the 
many  associated  records,  the  latter  permitting  one  to  turn  to  the 
collection  and  read  with  its  assistance  of  early  abundance  and  injury. 
There  are  large  series  of  insects  so  minute  or  fragile  that  they  must  be 
mounted  on  glass  slides  before  they  can  be  studied  and  over  ten  thou- 
sand such  preparations,  indestructible  as  the  amber  embedded 
insects  of  geologic  time,  give  some  idea  of  the  enormous  amount  of 
labor  necessary  to  create  such  a collection.  We  have  in  this  large 
assemblage  nearly  two  thousand  specimens  of  grasshoppers  and  their 
allies,  about  one  thousand  of  the  large  and  handsome  dragon  flies, 
over  twelve  thousand  true  bugs,  over  thirty  thousand  butter- 
flies and  moths,  probably  as  many  if  not  more  flies  of  various 
kinds,  many  very  minute,  over  forty  thousand  beetles  and  some 
ten  thousand  bees,  wasps  and  their  associates.  The  above  figures 
include  two  notable  collections,  namely  that  of  the  late  W.  W.  Hill, 
of  Albany,  comprising  some  ten  thousand  specimens  of  butterflies 
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and  moths,  and  the  J.  A.  Lintner  collection  of  nearly  twenty 
thousand  specimens  of  all  kinds  of  insects. 

Some  years  ago  the  state  collection  of  insects  was  valued  at  $50,000. 
This  is  a nominal  sum  and  it  is  quite  certain  that  the  material  could 
not  be  duplicated  for  that  amount.  A pair  of  bird  butterflies  on 
exhibition  cost  $20  and  four  large  beetles  $15.  While  these  prices  are 
exceptional,  it  is  true  that  a very  large  proportion  of  the  specimens 
can  not  be  purchased  and  practically  none  with  the  records  of  so  much 
value  to  the  economic  entomologist  can  be  secured  through  commer- 
cial agencies.  There  are  in  addition,  one  thousand  types,  uniques, 
which  have  been  described  by  various  entomologists  and  are  held  as 
well-nigh  priceless,  since  they  are  the  final  court  of  appeal  in  case  of 
a question  as  to  the  identity  of  an  insect. 

We  also  have  besides  specimens  of  insects  themselves,  examples  of 
their  work,  such  as  a large  series  of  plant  galls  showing  myriad  and 
in  many  cases  very  striking  developments  of  plant  tissues,  the  char- 
acteristic work  of  various  pests  in  the  products  of  the  farm  and  the 
remarkable  borings  of'  many  wood-inhabiting  species,  these  latter 
frequently  leaving  behind  them  permanent  records  which  not  only 
permit  the  identification  of  the  insect  but  the  recognition  of  the  wood 
and  even  make  it  possible  to  determine  the  condition  of  the  tree  at 
the  time  it  was  attacked. 

This  collection,  aside  from  being  representative  of  a very  important 
part  of  the  animal  life  of  the  State,  is  literally  a portion  of  the  ento- 
mologist’s working  library  and  is  as  essential,  in  many  cases  more  so, 
than  the  printed  page,  and  no  less  necessary  than  the  special  library 
is  to  the  lawyer,  doctor  or  other  professional  man.  It  might  be 
regarded  as  a series  of  volumes  with  a total  of  100,000  pages,  each 
devoted  to  one  stage  of  an  insect  or  its  work,  and  were  this  examined 
critically,  misplaced  or  illegible  pages  would  be  found.  It  is  a 
manuscript,  as  it  were,  rivaling  in  complexity  those  ancient  rolls  of 
the  Egyptians,  exceeding  in  bulk  many  good  sized  libraries,  demanding 
special  training  for  its  correct  interpretation  and  making  incessant 
demands  upon  custodians  for  repairs,  replacements  and  additions. 
It  is  still  far  from  complete  and  years  must  pass  before  all  stages  of 
our  many  insects  and  examples  of  their  activity  are  adequately 
represented  in  the  New  York  State  Museum. 

The  lessons  we  may  learn  from  nature  profoundly  affect  our  well- 
being. There  is  no  better  introduction  to  an  appreciation  of  the 
wonders  about  us  than  through  insects.  They  occur  almost  every- 
where. Each  group  has  its  own  characteristics  and  not  a few  exhibit 
marvelous  adaptations  to  conditions.  There  are  the  social  insects 
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with  complex  societies  and  peculiar  enemies  and  parasites,  the  gall 
insects  with  their  alternation  of  generations  and  exceedingly  close 
relation  to  plant  life,  the  entire  group  of  predaceous  and  parasitic 
forms  living  at  the  expense  of  other  insects,  the  comparatively  helpless 
plant  lice  or  aphids  overcoming  hereditary  weakness  by  a wonderful 
prolificacy  and  an  alternation  of  food  plants,  not  to  mention  the 
marked  and  in  many  instances  easily  observed  transformations  of 
individual  species.  Insects  should  have  an  important  place  in  every 
course  in  biology  or  zoology. 

Many  insects  are  of  more  or  less  direct  service  to  man,  notably  the 
honey  bee,  the  silk  worm,  the  lac  insect,  the  cochineal  insect  and 
certain  blister  beetles.  There  are  also  the  numerous  bees,  wasps  and 
flies,  mostly  disregarded,  which  carry  pollen  from  plant  to  plant  and 
are  essential  aids  in  the  production  of  our  more  valuable  fruits.  They 
render  a service  commonly  accepted  with  no  realization  of  its  great 
value.  Other  beneficial  functions  are  suggested  in  the  preceding 
paragraph. 

It  will  be  seen  at  once  that  some  insects  are  beneficial,  a considerable 
series  injurious  and  that  hosts  of  others  may  become  destructive 
through  minor  changes  in  climate,  cropping  or  as  a result  of  becoming 
established  in  new  areas.  Over  half  of  our  principal  agricultural 
pests  are  importations  from  other  countries.  These  conditions 
suggest  the  need  of  a comprehensive  knowledge  of  the  entire  insect 
fauna,  not  only  of  this  State,  but  of  adjacent  states  and  also  of 
countries  with  which  we  have  close  commercial  relations,  if  the 
subsequent  developments  in  an  exceedingly  complex  group  are  to 
be  appraised  correctly  and  the  possibilities  of  loss  reduced  to  a 
minimum.  Nursery  inspection  and  quarantines  are  practical  meas- 
ures designed  to  reduce  the  danger  from  the  introduction  of  insects 
from  other  countries.  Entomologists  are  constantly  being  called 
upon  to  pass  on  the  probabilities  of  injury  by  insects  of  many  species 
and  occurring  under  most  diverse  conditions.  They  are  really  ento- 
mological engineers  compelled  by  circumstances  to  acquaint  them- 
selves with  an  enormous  amount  of  detail  and  at  the  same  time  remain 
masters  of  comprehensive  information  concerning  a wide  range  of 
subjects. 

The  natural  resources  of  the  State  have  long  been  recognized  as 
legitimate  objects  for  investigation.  There  is  no  one  group  of  living 
organisms  occurring  in  such  great  variety  or  such  large  numbers  as 
insects  and  for  them  we  may  also  claim  a most  material  effect  upon 
human  welfare  and  prosperity.  If  the  above  be  granted,  and  there 
is  no  escape  from  such  a conclusion,  it  logically  follows  that  we  should 
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know  something  about  this  vast  assemblage  with  its  multifarious 
possibilities  for  good  or  evil,  and  since  recognition  and  differentiation 
are  essential  to  intelligent  study,  the  assemblage  and  classification 
of  immense  series  must  necessarily  precede  economical  and  effective 
investigations,  whether  the  latter  be  taxonomic,  biologic  or  essentially 
economic.  An  extensive,  well-classified  collection  is  fundamental 
and  the  importance  of  this  phase  of  the  work  should  not  be  under- 
estimated in  any  comprehensive  scheme  for  an  entomological  survey 
of  the  State  such  as  is  really  now  in  progress,  though  not  ordinarily 
characterized  as  such. 

The  occasional  outbreaks  of  previously  almost  unknown  or  obscure 
insects  illustrate  in  a convincing  manner  the  need  of  studying  some 
of  the  comparatively  unknown  or  neglected  groups  if  we  would  be 
in  the  best  possible  position  to  meet  future  emergencies.  The 
discovery  last  winter  of  larvae  of  the  European  corn  borer  in  New 
York  State  brought  us  face  to  face  with  the  real  difficulty  of  dis- 
tinguishing between  the  caterpillar  of  this  pest  and  that  of  an  allied 
native,  comparatively  innocuous  form  and  this,  in  spite  of  the  fact 
that  the  genus  Pyrausta,  to  which  the  European  corn  borer  belongs, 
has  been  considered  as  of  little  or  no  economic  importance  in  the 
new  world.  Similar  situations  may  arise  in  the  future  and  no  man 
can  predict  the  difficult  combinations  entomologists  may  be  expected 
to  solve  in  the  near  future.  The  complex  problems  of  adaptation 
to  food  plant,  to  climate  and  soil,  hinted  at  above,  necessitate  the 
extension  of  investigations  into  realms  not  ordinarily  considered 
entomological,  though  with  a very  definite  bearing  upon  questions 
of  control  or  probable  injury. 

A program  in  relation  to  the  insects  of  the  State  of  New  York 
which  fails  to  take  into  account  these  various  factors  and  which 
does  not  provide  for  the  adequate  prosecution  of  the  fundamental 
taxonomic  and  physiologic  problems  as  well  as  the  investigations 
of  more  immediate  application,  means  the  attempted  direction  of  a 
very  important  line  of  work  under  a serious  handicap  and  almost 
inevitable,  though  easily  preventable,  losses  greatly  in  excess  of  the 
cost  of  such  studies  and  investigations. 
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BY  HOMER  D.  HOUSE 

Mycena  filopes  (Bull.)  Quelet 
(Champ.  Jura  Vosg.  72.  1872) 

Figure  1 

Agaricus  filopes  Bull.  Herb.  Fr.,  pi.  320.  1786. 

Plants  gregarious,  8-1 1 c.  high;  pileus  8-15  mm  broad,  6-10  mm 
high,  campanulate,  not  fully  expanded,  sometimes  subumbonate 
when  young,  in  color  varying  from  very  dark  bister  to  almost 
blackish  with  the  narrow  lighter  colored  margin  often  nearly  white, 
dark  gray  with  age  with  a darker  center,  rarely  with  a whitish  round 
spot  in  the  center  and  the  margin  pale  gray,  sometimes  the  entire 
pileus  with  a dull  yellowish  tint  in  addition  to  the  colors  already 
noted,  striate,  thin;  stems  1-2  mm  thick,  straight  or  flexuose, 
concolorous,  darker  toward  the  base,  white  above,  fistulose,  radicat- 
ing and  strigose  hairy  toward  the  base  and  very  minutely  pruinose 
at  the  apex;  lamellae  adnate,  uncinate,  subdistant,  interveined, 
sub  vent  ricose,  white,  sometimes  with  a pink  reflection,  edge  even 
or  slightly  eroded;  cystidia  none  on  the  sides'  of  the  lamellae  or 
very  rare,  edge  of  the  lamellae  with  stout,  clavate  sterile  cells  (or 
cystidia)  with  numerous  short,  blunt  projections  on  the  ends,  35-45  x 
10-12  n\  basidia  two-spored;  spores  subelliptical,  curved  and 
pointed  at  the  base,  smooth  or  granular,  6-1 1 x 3. 5-4. 5 n. 

On  decayed  bits  of  wood  and  leaves  under  trees  of  P i n u s 
rigida.  Karner,  Albany  county.  H.  D.  House  and  G.  F. 
Atkinson,  November  1,  1918.  (Herbarium  N.  Y.  State  Museum 
and  Herbarium  Atkinson,  no.  24409.)  The  identification  of  this 
with  the  common  European  species  was  made  by  Professor  Atkinson, 
only  after  a most  careful  comparison  with  authentic  European 
material.  In  the  nomenclature  of  the  North  American  flora,  this 
would  be  designated  as  Prunullus  filopes  (Bull.)  House, 
comb.  nov. 

Mycena  atkinsoni  sp.  nov. 

Figure  2 

Plants  gregarious,  ow,  subcaespitose,  5-7  cm  high;  pileus  1-2.5 
cm  broad,  stems  2-3  mm  thick  and  stout.  Pileus  campanulate- 
expanded.  subumbonate,  smoky  to  avellaneous,  distinctly  depressed 
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striate;  gills  adnate,  uncinate,  ventricose,  distinct,  interveined, 
white  when  young,  becoming  gray  or  dark  gray;  cystidia  none  or 
at  least  very  rare  on  the  sides  of  the  lamellae  and  when  present 
very  inconspicuous,  abundant  on  the  edges  of  the  lamellae,  larger 
than  the  basidia  and  with  several  short  blunt  projections  over  the 
free  end;  spores  suboval  to  short  elliptical,  rounded  at  both  ends, 
smooth,  8-9  x 6-7  tx.  Stem  even,  radicating,  concolorous,  dark 
avellaneous  to  tawny,  chestnut  below,  smooth,  hollow.  Odor  and 
taste  of  the  pileus  not  distinctive. 

On  buried  wood,  low  ground  among  leaves  and  moss.  McKown’s 
grove,  near  Albany.  H.  D.  House  and  G.  F.  Atkinson,  November  2, 
1918.  (Herbarium  N.  Y.  State  Mus.  and  Herbarium  Atkinson, 
no.  24407.)  In  the  generic  nomenclature  of  the  North  American 
flora  this  would  be  designated  as  Prunullus  atkinsoni. 

Lophiotrema  peckiana  (Sacc.)  comb.  nov. 
Lophiostoma  sexnucleata  Peck,  27th  Rep’t  N.  Y.  State  Mus.  no. 

1877.  Not  Cooke. 

Lophiotrema  sexnucleata  var.  peckiana  Sacc.  Syll.,  2 : 683. 

1883. 

On  dead  stems  and  branches  of  Vitis,  North  Greenbush,  N.  Y., 
(C.  H.  Peck),  October  1873.  This  is  quite  distinct  from  typical 
specimens  of  L . sexnucleata,  in  the  more  approximate 
perithecia  and  the  much  smaller  size  of  the  spores. 

Rhizopogon  rubescens  Tul. 

Karner,  Albany  county.  C.  H.  Peck  (det.  C.  W.  Dodge). 

Rhizopogon  luteolus  Tul. 

Westport,  N.  Y.  C.  H.  Peck  (det.  C.  W.  Dodge). 

Helminthosporium  pedunculatum  (Peck)  comb.  nov. 
Clasterosporium  pedunculatum  Peck,  Ann.  Rep’t  N.  Y.  State 

Mus.  25:93.  1873. 

Helminthosporium  attenuatum  Peck  & Cooke;  Sacc.  Syll., 

4:  417.  1886. 

On  the  surface  of  decayed  wood,  Savannah.  C.  H.  Peck.  On 
decayed  wood  of  Acer  rubrum,  Verona,  Oneida  co.  C.  H. 
Peck. 
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G oniopsis  gloniopsis  (Gerard)  comb.  nov. 

Hysterium  g 1 o n i o p s i s Gsrard,  6:  78.  1876. 

Gloniopsis  gerardiana  Sacc.  Syll.,  2:  774.  1883. 

On  oak,  New  Jersey  (Ellis,  no.  2083).  The  specimen  in  the 
N.  Y.  State  herbarium  is  on  the  bark  of  Quercus  (oak). 

Mycosyrinx  osmundae  Peck 

(Ustilago  osmundae  Peck ) 

Pecksport,  Madison  county.  H.  D.  House,  July  10,  1918,  on 
Osmunda  regalis  L.  Woods,  three  miles  north  of  New 
London,  Oneida  county.  H.  D.  House,  July  18,  1918,  on 
Osmunda  cinnamonea  L. 

Puccinia  lobeliae  Gerard 

Oneida,  Madison  county,  on  leaves  of  Lobelia  syphilitica 
L.  August  27,  1918. 

Puccinia  pyrolae  Cooke 
(P.  polygalae  Paz .) 

Bergen  swamp.  Genesee  county,  on  leaves  of  P o 1 y g a 1 a 
pauciflora,  August  23,  1918. 

Uromyces  silphii  (Burr.)  Arthur 

West  of  Oneida  (in  Oneida  county)  onjuncus  tenuis  L. 
House,  1918.  Determined  by  Dr  J.  C.  Arthur.  The  aecial  stage  is 
supposed  to  occur  upon  species  of  Silphium,  which  do  not  occur  in 
this  region.  Doctor  Arthur  intimates  that  in  this  case  Aster 
macrophyllus  might  be  the  alternate  host. 

Puccinia  rhamni  (Pers.)  Wettst. 

Albany,  on  Festuca  elatior  (the  host  determined  by 
Professor  Hitchcock) . The  aecial  stage  onRhamnus  cathar- 
tic a , at  the  same  locality.  Both  hosts  are  introduced  species. 

Ustilago  bipustulata  Peck 

Mendon,  Monroe  county,  in  the  inflorescence  of  Rhynco- 
spora  glomerata.  M.  S.  Baxter  172,  September  1910 
(Herbarium  N.  Y.  State  Mus.) 
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Uromyces  spartinae  Farlow,  I. 

On  leaves  of  Steironema  ciliatum,  near  the  mouth 
of  Oneida  creek,  Madison  county,  June  17,  1918.  The  telial  stage 
occurs  upon  Spartina  michauxiana,  which,  although 
common  about  one-eighth  of  a mile  distant,  was  not  growing  near 
the  Steironema,  and  later  search  failed  to  find  the  telial  stage.  This 
form  has  been  designated  as  a race  by  Arthur  under  the  name  of 
Uromyces  s t e i r o n e m a t i s . 

Puccin'a  pustulata  (Curt.)  Arth. 

I On  Comandra  umbellata,  Sandy  woods  west  of  Albany , 
June  10,  1918. 

II,  III  On  Andropogon  furcatus,  at  the  same  place, 
September  9,  1918 

Doctor  Peck’s  collection  of  August  24,  1908,  is  on  Andro- 
pogon scoparius. 

Pucc'nia  frax  nata  (Schw.)  Arth. 

I On  eaves  and  petioles  of  Fraxinus  americana  and  F . 
pennsylvanic,  Lewis  Po’nt,  Madison  county,  August  20, 
1918  (old). 

II,  III  At  the  same  locality  and  same  date  on  Spartina 
m chauxiana. 

Puccinia  cephalanthii  (Schw.)  Arth. 

(P.  seymouriana/4^-) 

Further  collections  of  this  interesting  rust  were  made  at  South 
Bay,  Madison  county.  I On  leaves  and  petioles  of  Cephalan- 
thus  occidentalis  L.,  June,  1918.  II,  III  On  leaves  of 
Spartina  michauxiana,  August  20,  1918. 

Puccinia  commutata  Sydow 
(Allodus  commutata  Arthur)  . 

On  leaves  of  Valeriana  uliginosa  Rydb.,  Jordanville, 
Herkimer  county.  House,  July  12,  1918.  This  constitutes  a new 
host  record  for  this  rust,  and  is  the  first  record  of  its  occurrence  in 
the  eastern  states. 

Puccinia  lysimachiae  (Schw.)  Kern  I 
On  leaves  of  Lysimachia  quadrifolia,  near  Sylvan 
Beach,  Oneida  county.  House,  July  18,  1918.  The  telial  stage  is 


Fig.  3 Stereum  w i 1 1 e y i (Clinton)  Burt 
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supposed  to  occur  upon  Carex  limosa  and  megallanica  » 
neither  of  which  has  been  found  in  this  vicinity. 

Puccinia  minutissima  Arthur 

I On  leaves  of  Decodon  verticillatus  (L.)  Ell.  at 
Pecksport,  Madison  county,  July  io,  1918.  The  telial  stage  was 
found  on  Carex  lasiocarpa,  August  29,  1918  at  the  same 
locality. 

Puccinia  orbicula  Peck  & Clinton 

Jordan ville,  Herkimer  county  on  leaves  ofNabalus  albus  • 
House,  July  12,  1918.  Doctor  Arthur,  after  an  examination  of  a 
duplicate  specimen,  thinks  this  is  P.  patruelis  (P.  hiera- 
ciata),  an  heteroecious  rust,  and  remarks  that  the  spores  are 
somewhat  smaller  than  P.  orbiculata  and  that  only  pycnia 
and  aecia  are  present.  Doctor  Peck  collected  this  on  the  same  host 
at  Cedarville,  near  Jordan  ville,  and  it  was  determined  as  orbicula. 

Stereum  willeyi  (Clinton)  Burt,  comb.  nov. 
Thelephora  willeyi  Clinton:  Peck  in  26th  Rep’t  N.  Y.  State  Mus.  71  • 

1874- 

Figure  3 

This  interesting  fungus  has  the  appearance  or  habit  of  a Thelephora, 
and  was  so  described  by  Clinton.  When  young  it  is  pure  white,  and 
rather  conspicuous ; with  age  it  becomes  somewhat  dingy  and  slightly 
zoned,  the  margin  which  is  nearly  or  quite  entire  in  young  plants 
becomes  laciniately  toothed  or  lobed,  often  split  down  one  side. 
Typical  plants  are  infundibuliform,  with  a thin  texture  which  is 
neither  tough  nor  brittle,  although  becoming  very  brittle  upon  drying. 
Neither  Peck  nor  Clinton  describes  the  spores,  which  are  colorless,  a 
character  which  removes  the  species  from  Thelephora  to  Stereum, 
as  indicated  by  Professor  Burt.  The  illustration  of  the  plant  is  from 
photographs  of  it  taken  near  Green  pond,  east  of  Jamesville,  Onondaga 
county,  May  1918.  Clinton  obtained  it  near  Buffalo,  and  Peck 
collected  it  at  Lowville,  Lewis  county. 

Morchella  angusticeps  Peck 

Rich  soil  in  thin  woods  near  Pecksport,  Madison  county.  H.  D. 
House,  June  1918. 


Polyporus  elegans  (Bull.)  Fries 

Green  pond,  near  Jamesville,  Onondaga  county,  on  fallen  trunk  of 
Tilia.  Typical  in  all  respects  except  the  unusually  short  stipe, 
which  in  these  specimens  measured  but  4 to  9 mm  in  length. 
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NOTES  ON  LOCAL  FLORAS  VI 
ALBANY  COUNTY 

Cares  siccata  Dewey 

Sandy  woods  west  of  Albany.  H.  D.  House,  June  io,  1918. 

Sporobolus  vaginiflorus  (Torrey)  Wood 
On  barren  ledges  of  shale,  Glenmont,  Albany  county.  H.  D. 
House,  September  17,  1918.  Along  a sandy  road  near  Karner. 
H.  D.  House,  September  20,  1918. 

Dryopteris  cristata  x spinulosa  C.  Chr. 

Low  woods  west  of  Albany.  H.  D.  House,  September  20,  1918- 
Reported  also  from  Rockland,  Delaware  and  Chemung  counties. 

Lupinus  perennis,  forma  albiracemus  Moore 
West  Albany  and  Menands.  C.  H.  Peck.  Also  reported  from 
the  vicinity  of  Rochester  (Proc.  Roch.  Acad.,  3 : 56.  1896). 

Polygala  paucifolia,  forma  alba  (Eights)  comb.  nov. 

P.  paucifolia,  var.  alba  Eights,  T.  & G.  FI.  N.  Am.  1 032,  1838;  Beck 
Bot.  46.  1833;  Torr.  FI.  N.  Y.,  1:152.  1843 

P.  paucifolia  fcrrra  alb  if  lor  a Knight,  Rhodora  8:  66.  1843 

Common  in  woods  near  Glenmont.  H.  D.  House.  Mr  Eights 
first  recorded  this  color  form  from  the  sandy  plains  near  Albany, 
where  it  is  still  frequent.  It  has  since  been  observed  and  reported  in 
Broome,  Schenectady  and  Otsego  counties. 

GENESEE  COUNTY 

Scirpus  cyperinus  (L.)  Kunth,  var.  pelius  Fernald 

Bergen  swamp,  Genesee  county.  H.  D.  House,  August  23,  1918. 


Panicum  flexile  (Gattinger)  Scribn. 

Open  marly  bog  in  Bergen  swamp.  H.  D.  House,  August  23,  1918- 

Muhlenbergia  foliosa  Trin. 

Open  places  in  the  marly  bog  of  Bergen  swamp.  LI.  D.  House, 
August  23,  1918. 
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Muhlenbergia  umbrosa  Scribn. 

Low  wet  woods,  Bergen  swamp.  H.  D.  House,  August  23,  1918. 
Collections  in  the  state  herbarium  indicate  that  this  grass  is  not  rare 
north  of  the  Hudson  highlands. 

Sporobolus  vaginiflorus  (Torrey)  Wood 

Open  marly  bog  of  Bergen  swamp.  H.  D.  House,  August  23,  1918 

Lycopus  asper  Greene 

Shady  places,  Bergen  swamp.  H.  D.  House,  August  14,  1916. 

The  finding  of  this  species,  a native  of  the  middle  and  western 
states,  in  Bergen  swamp,  is  not  surprising  in  view  of  numerous  other 
western  plants  found  in  Bergen  swamp  and  other  localities  in  western 
New  York. 

The  chief  characteristics  of  this  species  are  the  rather  stout  stems 
perennial  by  stolons  at  the  base,  strongly  pubescent  toward  the 
summit,  puberulent  or  glabrate  below  and  on  the  leaves.  Leaf-blades 
oblong-lanceolate,  closely  sessile,  sharply  serrate  with  rather  distant, 
ascending,  low  teeth;  bracts  acuminate-subulate,  some  of  them  often 
as  long  as  the  flowers;  calyx  somewhat  two-lipped,  the  upper  lip 
with  three  subulate-lanceolate  teeth,  the  lower  lip  with  two  somewhat 
shorter  and  merely  acute  teeth;  corolla  white  and  somewhat  longer 
than  the  calyx;  nutlets  shorter  than  the  calyx,  but  as  long  or  longer 
than  the  calyx- tube,  brown  and  puberulent. 

Nabalus  trifoliatus  Cass. 

Chiefly  in  the  shady  portions  of  Bergen  swamp.  H.  D.  House, 
August  23,  1918.  Nabalus  serpentaria  (Pursh)  Hook  was  also 
observed  as  a frequent  species  here,  and  occasionally  both  were  to  be 
found  on  the  borders  of  and  even  on  the  firmer  portions  of  the  marly 
bog  in  the  center  of  the  swamp. 

Solidago  uliginosa  Nutt. 

Common  in  Bergen  swamp.  H.  D.  House,  August  28,  1918. 
Rather  variable,  one  form  being  weak  and  slender,  another  form 
possessing  leaves  rather  thin  and  narrow. 

Other  golden-rods  common  in  Bergen  swamp  and  observed  on  this 
date  are  Solidago  patula,  Solidago  rugosa,  Solid- 
ago serotina  gigantea,  Solidago  ohioensis, 
and  Solidago  houghtonii. 
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Aster  acuminatus  Michx. 

Shaded  portions  of  Bergen  swamp.  H.  D.  House,  August  23,  1918. 
An  infrequent  species  in  western  New  York,  although  common  or 
abundant  in  central  and  northern  New  York.  It  has  not  been 
reported  from  the  Chemung  valley  and  but  three  or  four  localities  are 
known  for  it  in  Monroe  county  and  vicinity. 

HERKIMER  COUNTY 

Dryopteris  marginalis  (L.)  A.  Gray 

Dr  R.  C.  Benedict  (American  Fern  Jour.,  6:  83.  1916)  remarks 
concerning  the  absence  of  this  fern  from  the  Fulton  Chain  region  of 
the  Adirondacks.  Small  but  fertile  specimens  were  collected  in  1917 
by  H.  D.  House  and  E.  P.  Killip  on  a mountain  side  above  Inlet,  at 
the  head  of  Fourth  lake,  close  to  the  Hamilton  county  line.  The 
species  was  seen  nowhere  else  along  the  Fulton  Chain,  which  is 
remarkable  considering  the  abundance  of  this  fern  in  other  parts  of 
the  State. 

Malaxis  monophylla  (L.)  Sw. 

Cedar  swamp  near  Jordanville.  H.  D.  House,  July  12,  1918. 
x Limnorchis  media  Rydb. 

Open  places  in  a cedar  swamp  near  Jordanville,  with  Limnor- 
chis d i 1 i t a t a and  L i m n o r c h i s hyperbore  a.  H.  D. 
House,  Mr  and  Mrs  Edward  A.  Eames,  July  12,  1918. 

In  most  respects  this  corresponds  to  what  was  described  by  Rydberg 
(Torrey  Bui.  28:618;  Britton’s  Manual,  294),  and  is,  without  much 
doubt,  the  same  as  the  type  of  that  species,  as  I recall  it  from  a careful 
examination  made  several  years  ago.  If  Doctor  Rydberg  had  pos- 
sessed living  plants  his  description  might  have  been  somewhat  differ- 
ent. The  flowers  are  never  purplish,  but  usually  a faint  greenish 
yellow,  often  quite  yellowish,  never  pure  white  like  dilatata,  nor  so 
green  as  hyperborea.  The  intermediate  character  is  further  indicated 
by  the  shape  of  the  lip,  which  is  somewhat  dilated  at  the  base,  but  not 
so  much  as  in  dilatata,  and  the  curved  spur  which  is  but  slightly 
inflated.  Growing  with  both  L.  dilatata  and  L.  hyperborea 
the  hybrid  origin  of  the  form  seems  almost  beyond  question.  Doctor 
Peck  (N.  Y.  State  Mus.  Bui.  67,  p.  20.  1903)  also  reports  it  from  this 
locality.  It  is  regarded  by  Oakes  Ames  as  a variety  of  L.  dilatata 
(Rhodora,  10:70.  1908). 
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Sanguisorba  canadensis  L. 

Island  in  Rondaxe  lake,  northern  Herkimer  county.  Harriet  B. 
Badean,  August  18,  1918. 

x Aster  blakei  (Porter)  hyb.  nom.  nov. 

Aster  nemoralis  var.  Blakei  Porter. 

Five  ponds,  Herkimer  county,  C.  H.  Peck.  The  leaves  are  oblong- 
lanceolate,  toothed,  1-2  cm  wide  and  5-9  cm  long.  Heads  of  flowers 
several  on  each  stem.  Almost  intermediate  in  appearance  between 
Aster  nemoralis  and  Aster  acuminatus.  Doctor 
Peck  also  collected  typical  specimens  of  Aster  nemoralis  at 
Five  ponds  and  Aster  acuminatus  is  one  of  the  commonest 
wild  asters  of  that  region.  These  circumstances  seem  to  indicate 
that  the  var.  Blakei  should  more  properly  be  regarded  as  a hybrid 
species. 

GREENE  COUNTY 

Boehmeria  drummondiana  Weddell 

Van  Louven  lake,  near  Catskill.  H.  D.  House,  August  22,  1915. 
Also  collected  near  Kirkville,  Onondaga  county,  July  26,  1914. 

Doellingeria  infirma  (Michx.)  Greene 

Near  Cairo.  H.  D.  House,  August  20,  1915.  Also  collected  near 
Troy,  Rensselaer  county,  by  E.  C.  Howe  (herb.  N.  Y.  State  Museum). 

Apparently  a rare  species  in  New  York.  It  is  reported  from  Che- 
mung county  (Lucy)  by  Clute  (FI.  Upper  Susquehanna,  58,  1898), 
and  from  Oswego  (Kneiskern)  in  herb.  Sartwell  (Paine,  Cat.  PI. 
Oneida  county  and  vicinity,  93).  Mrs  L.  L.  H.  Goodrich  reports 
it  from  Onondaga  county  (Plants  of  Onondaga  County,  185.  1912), 
but  both  of  these  last  two  reports  should  have  further  confirmation. 

MADISON  COUNTY 

Abies  balsamea  L. 

A few  dwarfed  and  almost  prostrate  specimens  were  found  in  a 
swamp  west  of  Oneida  in  August,  1918.  This  locality  had  once  been 
an  extensive  tamarack  swamp  but  was  cleared  and  partially  drained 
many  years  ago.  The  stunted  specimens  of  balsam  doubtless  are 
all  that  remain  of  a more  extensive  development  of  the  species  here 
in  former  years.  The  altitude  is  only  450  feet,  which  is  one  of  the 
lowest  records  for  the  species  in  this  State.  In  the  extensive  swamps 
at  an  altitude  of  1000  feet  or  more  in  southern  Herkimer  county, 
the  balsam  is  quite  abundant. 
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Fissipes  acaule  forma  lancifolia  n.  f. 

Leaves  two,  the  blades  relatively  long  petioled,  and  5 to  7 inches 
long,  narrowly  lanceolate  in  outline,  1-2  inches  broad.  Pecksport. 
George  S.  Graves  (in  herb.  N.  Y.  State  Museum). 

Panicum  tennesseense  Ashe 

Sandy  field  near  Oneida.  H.  D.  House,  July  8,  1918.  In  similar 
situations,  near  Albany,  June  10,  1918. 

Polygala  viridescens  L. 

Edge  of  a meadow  near  Oneida,  spreading  and  possibly  introduced 
there  since  the  meadow  was  last  under  cultivation.  August  1918. 
This  species  has  been  observed  at  two  or  three  places  around  the 
eastern  end  of  Oneida  lake  which,  with  the  locality  near  Oneida,  are 
the  only  known  records  of  it  in  central  New  York. 

MONROE  COUNTY 

Panicum  huachucae  Ashe 

Sandy  field,  Long  pond.  H.  D.  House,  July  3,  1917.  Also  col- 
lected  in  dry  marl  in  Bergen  swamp,  Genesee  county.  H.  D.  House, 
August  15,  1917. 

In  the  Sartwell  herbarium  (Hamilton  College)  are  specimens  col- 
lected by  Sartwell  at  Penn  Yan,  Yates  county,  under  the  names  of 
“ P.  p-ubescens,”  “ P.  nidi  turn  var.  pilosum  Torr.,” 
“ P.  n i t i d u m var.  s i 1 v i c o 1 a,”  and  “ P.  n i t i d u m var.  ?”. 
The  specimens  from  Irondequoit,  Monroe  county  (J.  B.  Fuller,  Proc. 
Roch.  Acad.  Sci.,  5 :32.  1910)  reported  as  Panicum  pubescens, 
doubtless  belong  here. 

Panicum  scribnerianum  Nash 

Long  pond.  H.  D.  House,  July  3,  1917.  Also  reported  from 
Irondequoit  (M.  S.  Baxter)  and  from  Mendon  (E.  P.  Killip)  Proc. 
Roch.  Acad.  Sci.,  5:77.  1917- 

Panicum  sphaerocarpon  Ell. 

Perinton,  M.  S.  Baxter,  June  4,  1911.  Also  collected  at  Junius, 
Seneca  county  (H.  D.  House,  August  10,  1917)  and  at  Sylvan  Beach 
(House).  Doctor  Peck  collected  this  grass  at  Menands,  Albany 
county,  and  at  Riverhead,  Suffolk  county.  In  the  Sartwell  herbarium 
(Hamilton  College)  are  specimens  collected  at  Penn  Yan,  Yates 
county,  by  Sartwell  under  the  names  of  “ P.  n i t i d u m (dichoto- 
mum)”  and  “ P.  n i d i t u m var.  crassif  olium 
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Muhlenbergia  schreberi  Gmel. 

Hipps  brook,  Penfield.  M.  S.  Baxter,  September  i,  1918. 

Sporobolus  neglectus  Nash 

Railroad  weed,  Genesee  Valley  Park,  M.  S.  Baxter,  November  2, 
1918.  Appearing  as  if  introduced  and  collected  several  years  ago 
along  a railroad  in  Rochester  (herb.  Baxter),  and  reported  as 
S.  vaginiflorus,  which  it  closely  resembles. 

Viola  triloba  Schw. 

Dry  woods  near  Mendon.  H.  D.  House,  June  9,  1917. 

Lycopus  uniflorus  Michx. 

Marshy  ground  near  Long  pond.  H.  D.  House,  August  23,  1918. 
Not  rare  but  apparently  not  previously  reported  from  this  section 
of  the  State. 

Teucrium  occidentale  A.  Gray 

Very  common  in  dry  thickets  along  the  eastern  side  of  Long  pond. 
H.  D.  House,  August  22,1918. 

Stachys  aspera  Michx. 

With  the  preceding  and  common.  August  22,  1918. 

Campanula  uliginosa  Rydb. 

Low  grounds  bordering  Buck  pond.  H.  D.  House,  August  22, 
1918.  Closely  resembling  C a m p a n u 1 a aparinoides  Pursh, 
but  less  scabrous,  flowers  blue  or  pale  blue,  and  the  corolla  larger 
and  more  deeply  lobed. 

Agalinis  paupercula  (A.  Gray)  Britton 

(Gerardia  paupercula  A . G r a y) 

Moist  depressions  along  road  near  Long  pond.  H.  D.  House, 
August  22,  1918. 

Gerardia  purpurea  has  been  reported  several  times  from 
the  Lake  Ontario  basin,  but  in  every  case  where  it  has  been  possi- 
ble to  examine  the  specimens  upon  which  the  report  was  based, 
they  prove  tobeG.  paupercula.  Paine  (Catalogue  Plants, 
Oneida  County  and  Vicinity,  p.  108)  reports  it  from  shores  of  Lake 
Ontario  and  cites  L.  Holzer.  A specimen  collected  by  L.  Holzer, 
“ Bays  along  Lake  Ontario  on  wet  ground,”  in  the  state  herbarium, 
and  labelled  ‘‘Gerardia  purpurea”  is  determined  as 
G.  paupercula  by  Doctor  Pennell.  • 
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Professor  Dudley  reports  G.  purpurea  from  Farley’s  Point* 
Cayuga  lake  and  from  the  Junius  marshes,  Seneca  county  (Cayuga 
FL,  69,  1886).  There  is  a duplicate  specimen  of  the  Farley’s  Point 
plant  in  the  state  herbarium  which  proves  tobeG.paupercula, 
and  the  suspicion  is  strong  that  the  Junius  marsh  plant  is  also  pauper- 
cula,  since  that  is  the  usual  habit  of  this  species. 

G.  pauperculais  reported  from  Mendon  marshes  (Macauley 
and  Beckwith)  and  Bergen  swamp  (Baxter),  Proc.  Roch.  Acad.,  3:91. 
1896.  Mr  Baxter  also  reports  G.  purpurea  from  Mendon, 
Monroe  county,  but  this  is  also  probably  but  a robust  specimen  of 
pauper cula,  in  view  of  the  fact  that  all  other  so-called  specimens  of 
purpurea  from  this  region  have  proved  to  be  paupercula. 

Galium  tinctorium  L. 

Honeoye  lake,  on  high  hills.  W.  A.  Matthews.  July  1,  1918. 
Reported  but  without  definite  locality  by  Dr  Anna  H.  Searing 
(Proc.  Roch.  Acad.  Sci.,  3:  71.  1896)  as  Galium  trifidum 
var.  latifolium  Torr.  No.  427. 

Galium  mollugo  L. 

Egypt,  Monroe  county.  M.  S.  Baxter.  Also  found  near  Canan- 
daigua by  Mrs  E.  P.  Gardner.  Formerly  regarded  as  a rather  rare 
introduction  but  now  established  in  many  localities. 

Aster  multiflorus  Ait. 

Hipps  brook,  Penfielcl.  M.  S.  Baxter,  October  1918. 

ONEIDA  COUNTY 

Sanicula  marylandica  L. 

Dry  woods  near  Trenton  Falls.  H.  D.  House,  August  25,  1918. 

Sanicula  trifoliata  Bicknell 

Moist  woods  east  of  Oneida.  H.  D.  House,  September  1,  1918. 

Phlox  divaricata  L. 

Moist  woods  along  Scanadoa  creek  east  of  Oneida.  H.  D.  House, 
May  23,  1918.  Also  collected  in  rocky  woods  near  Green  pond, 
east  of  Jamesville,  Onondaga  county,  on  May  19,  1918. 

Galium  sylvaticum  L. 

Trenton  Falls.  Dr  C.  H.  Peck,  August  18,  1902.  (Deposited  in 
the  state  herbarium  as  “Galium  mollugo  L.,  long-leaved 
form.”) 
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ONONDAGA  COUNTY 

Serapias  helleborine  L. 

This  orchid,  which  has  been  frequently  reported  from  the  vicinity 
of  Syracuse,  was  collected  in  flower  in  Willet’s  glen,  near  Jamesville, 
July  11,  1918.  Although  suspected  to  be  an  introduced  species 
there  was  nothing  to  indicate,  as  it  grew  here  in  the  deep  woods, 
that  it  had  been  introduced. 

Anemone  cylindrica  A.  Gray 

In  thin  soil  underlaid  by  limestone  ledges,  near  Green  pond,  east 
of  Jamesville.  H.  D.  House,  July  n,  1918.  In  Albany  county 
and  east  of  Oneida  lake  this  anemone  grows  in  sandy  oak  or  pine 
barrens. 

ONTARIO  COUNTY 

Anchistea  virginica  (L.)  Presl. 

(Woodwardia  virginica  ( L .)  Moore) 

Shaded  portions  of  a peat  bog  near  West  Bloomfield.  H.  D.  House, 
August  21,  1918. 

Ranunculus  hispidus  Michx. 

Moist  woods  near  Fishers.  H.  D.  House,  June  3,  1916.  This 
appears  to  be  the  only  record  of  this  buttercup  from  this  section  of 
the  State  although  some  of  the  specimens  reported  under  R . 
fascicularis  in  the  “Plants  of  Monroe  County  and  Vicinity, ” 
may  belong  here. 

Hypericum  majus  (A.  Gray)  Britton 

Sullivans.  M.  S.  Baxter,  September  1,  1918. 

Lathyrus  latifolius  L. 

Escaped  from  cultivation  and  established  along  a roadside  near 
Canandaigua.  Mrs  E.  P.  Gardner,  July  26,  1918. 

Foeniculum  vulgare  Gaertn. 

Fields  near  Canandaigua.  Mrs  E.  P.  Gardner,  June  28,  1918. 

Apocynum  medium  Greene 

Edge  of  woods,  near  West  Bloomfield.  H.  D.  House,  August  21, 
1918. 

Pentstemon  digitalis  Nutt. 

Woods  near  Canandaigua.  Mrs  E.  P.  Gardner,  June  28,  1918. 
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OSWEGO  COUNTY 

Rosa  gallica  L. 

Established  along  roadsides  near  Oswego.  C.  S.  Sheldon,  June  23, 
1881.  Professor  Sheldon  also  collected  Rosa  pimpinelli- 
folia  L.  near  Oswego,  where  it  is  established  in  one  or  two  localities. 

Ilex  verticillata  (L.)  A.  Gray 

Lily  marsh,  South  New  Haven.  C.  S.  Sheldon,  June  22,  1880. 
Mud  lake,  near  North  Hannibal.  H.  D.  House,  June  27,  1914. 
The  last  a form  approaching  var.  cyclophylla  Robinson. 

This  species,  which  is  given  a southern  range  in  the  second  edition 
of  Britton  and  Brown’s  Illustrated  Flora  (1913),  has  also  been 
collected  at  Brant  lake,  Warren  county  (Peck),  Van  Louven  lake, 
Greene  county  (House),  and  Sylvan  Beach,  Oneida  county,  the 
var.  p a d i f o 1 i a (House).  What  appears  to  be  the  typical  form 
of  var.  cyclophylla  Robinson,  has  been  collected  at  Round 
lake,  Saratoga  CDunty  (Peck),  and  at  Forestport,  Oneida  county 
(Haberer). 

Ilex  bronxensis  Britton  (L.  verticillata  var. 
t e n u i f o 1 i a Torrey),  is  frequent  in  northern  swamps.  Bona- 
parte swamp,  Lewis  county  (Peck),  and  Lake  Pleasant,  Hamilton 
county  (Peck). 

Scirpus  subterminalis  Torrey 

Mud  lake  near  Hannibal.  Florence  Beckwith,  July  21,  1918. 
A frequent. species  in  the  pine-barren  streams  of  Long  Island  (Taylor) 
and  in  the  lakes,  ponds  and  slow  streams  of  the  Adirondack  region 
(Paine,  Peck,  Haberer  etc.).  Outside  of  these  two  sections  of  the 
State  it  is  a very  rare  species. 

WAYNE  COUNTY 

Cassia  marilandica  L. 

Near  Savannah.  Mr  and  Mrs  Edward  A.  Eames,  August  14,  1918. 
The  wild  senna  has  been  reported  from  Wayne  county  by  Hankenson, 
and  from  Rochester  by  Streeter  (Proc.  Roch.  Acad.,  3:59.  1896). 

These  constitute  the  only  records  for  this  region  of  the  State. 
Farther  east  it  occurs  rarely  in  Madison  county  and  more  frequently 
in  Herkimer  county  along  the  West  Canada  creek  and  down  the 
Mohawk  to  the  Hudson  along  which  river,  south  of  Albany,  it  is 
frequently  seen.  It  has  also  been  reported  from  several  localities  in 
the  Upper  Susquehanna  valley. 


PLANTS  OF  THE  SUSQUEHANNA  VALLEY  AND  ADJACENT 

HILLS  OF  TIOGA  COUNTY 

BY  FRANK  E.  FENNO 

Second  Supplementary  List 

The  first  supplementary  list  of  plants  for  this  region  appears  in 
the  New  York  State  Museum  Bulletin  75  (1904),  following  the 
“Plants  of  the  Susquehanna  Valley  and  Adjacent  Hills”  which 
appeared  in  Bulletin  67  (1903).  The  additions  contained  in  the 
present  list  are  in  large  part  frcm  Wilkinson’s  swamp,  which  is 
situated  on  the  border  between  New  York  and  Pennsylvania  and 
in  the  Susquehanna  valley.  It  possesses  a plant  life  peculiarly  its 
own  for  this  region.  The  following  species,  which  are  not  found 
elsewhere  within  the  limits  of  this  flora,  occur  here : Cassia 
marylandica,  June  us  balticus,  Lobelia  kalmii, 
Lathyrus  myrtifolius,  Lathyrus  palustris, 
Parnassia  caroliniana,  Solidago  uliginosa,  Sela- 
ginella  apus,  Scirpus  lineatus,  Rhyncospora 
capillacea  and  Juncus  brachycephalus. 

Microstylis  monophyllos  (L.)  Lindl. 

Swamp  at  state  line. 

Agastache  nepeloides  (L.)  Kuntze 

Roadside  near  Nichols. 

Arisaema  stewardsonii  Britton 

Green’s  swamp  north  of  Smithboro. 

Bartonia  virginica  (L.)  B.  S.  P. 

Green’s  swamp. 

Botrychium  ramosum  (Roth)  Aschers. 

Woods  in  the  vicinity  of  Nichols. 

Blephilia  hirsuta  (Pursh)  Benth. 

Riverbank  at  Nichols. 
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Carex  flava  L. 

Swamps  around  Nichols. 

Carex  lurida  var.  exundans  Bailey 
North  of  Tioga  Center. 

Carex  squarrosa  L. 

Swamp  at  Nichols. 

Cassia  marylandica  L. 

Wilkinson’s  swamp  at  the  state  line. 

Corallorrhiza  trifida  Chatelain 

Green’s  swamp. 

Centaurea  nigra  L. 

Along  the  river  in  thickets. 

Dryopteris  spinulosa  dilatata  (Hoffm.)  Underw. 
Frequent  in  woods. 

Eupatorium  maculatum  L. 

North  of  Barton. 


Eriophorum  callithrix  Cham. 

Tribe’s  swamp  north  of  Barton. 

Eleusine  indica  Gaertn. 

Roadsides  east  of  Nichols. 

Amphicarpa  pitcheri  T.  & G. 

Wooded  roadsides  in  the  vicinity  of  Nichols. 

Hieracium  pratense  Tausch. 

Everywhere  abundant.  Twelve  years  ago  scarcely  a specimen 
could  be  found,  but  now  it  covers  hundreds  of  acres  of  land  in  the 
counties  of  both  southern  New  York  and  northern  Pennsylvania. 

Monotropa  hypopitys  L. 

Near  Nichols. 
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Habenaria  fimbria ta  (Ait.)  R.  Br. 
Green’s  swamp. 

Juncus  balticus  Willd. 

Wilkinson’s  swamp. 


Juncus  marginatus  Rosth. 
Moist  places.  Frequent. 


Juncus  brachycephalus  (Engelm.)  Buch. 
Wilkinson’s  swamp. 

Lobelia  kalmii  L. 


Wilkinson’s  swamp. 

Ly thrum  alatum  L. 


Near  Nichols. 


Lysimachia  vulgaris  L. 


Near  Nichols. 

Lathyrus  myrtifolius  (Muhl.)  Gray 
Wilkinson’s  swamp. 


Lathyrus  palustris  L. 

Wilkinson’s  swamp. 


Muhlenbergia  foliosa  Trin. 

On  rocks  west  of  Barton.  A well-marked  variety. 

Ophioglossum  vulgatum  L. 

Near  Waverly. 

Pamassia  caroliniana  Michx. 
Wilkinson’s  swamp. 

Polygonum  hartwrightii  Gray 
Swamps.  Common. 

Polygonum  lapathifolium  L. 

Swamps.  Frequent. 
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Rosa  setigera  Michx. 

The  Narrows  at  Tioga  Center. 

Salsola  tragus  L. 

Along  the  railroad  tracks  at  Nichols. 

Selaginella  apus  (L.)  Spring. 
Wilkinson’s  swamp. 


Scirpus  lineatus  Michx. 

Wilkinson’s  swamp. 

Sparganium  androcladum  Engelm. 
Swamps.  Frequent. 

Scirpus  pedicellatus  Fernald 
Not  uncommon  in  swamps  and  wet  places. 

Scirpus  atrocinctus  Fernald 
Wet  places,  frequent. 

Scirpus  atrocinctus  var.  brachypodus  Fernald 
With  the  species. 


Scirpus  rubrotinctus  Fernald 
Along  the  river  at  Nichols. 

Rhynchospora  capillacea  Torr. 

Wilkinson’s  swamp. 

Thalictrum  revolutum  DC. 

Rocky  woods  at  Nichols. 

Woodsia  obtusa  (Spreng.)  Torr. 
On  rocks  west  of  Barton. 


NOTES  ON  THE  HABITS  AND  DEVELOPMENT  OF 
THE  FOUR-TOED  SALAMANDER,  HEMIDACTYLIUM 


SCUTATUM  (SCHLEGEL) 

BY  SHERMAN  C.  BISHOP 

The  four-toed  salamander,  Hemidactylium  scutatum 
(Schlegel),  although  widely  distributed  has  been  considered  uncom- 
mon in  almost  every  locality  from  which  it  has  been  recorded.  So 
little  has  been  written  concerning  the  habits  of  this  species  that 
an  account  of  the  finding  of  the  animal  and  its  eggs  in  abundance 
and  a description  of  some  of  the  stages  of  its  development  may 
prove  of  interest  and  throw  some  light  on  questions  involving  meta- 
morphosis and  habits  not  heretofore  answered. 

The  genus  Hemidactylium,  represented  by  the  single  known 
species,  is  closely  related  to  Plethodon  from  which  it  differs  structu- 
rally in  the  absence  of  the  fifth  toe  on  the  hind  foot  and,  in  a slight 
degree,  in  the  number  and  arrangement  of  the  teeth.  If  the  deficiency 
in  digits  be  disregarded,  there  is  no  more  diversity  in  the  characters 
of  Hemidactylium  and  Plethodon  than  is  found  in  members  of  the 
genus  Plethodon  itself.  From  the  genus  Batrachoseps,  after  which 
it  is  usually  placed,  it  differs,  according  to  Cope  (’89),  in  having  a 
prefrontal  bone.  In  common  with  other  members  of  the  family 
Plethodontidae,  the  four-toed  salamander  is  lungless.  Cf  the  several 
species  of  Plethodon,  it  is  most  nearly  related  to  P.  cinereus, 
both  in  structure  and  habits.  Like  that  species,  it  has  the  tongue 
attached  medially  in  front  with  the  side  margins  free ; but  the 
median  line  of  attachment  in  H.  scutatum  is  confined  to  the 
anterior  half,  while  in  P . cinereus  it  is  continued  almost  to 
the  posterior  margin. 

Parasphenoid  teeth  in  H.  scutatum  in  two  elongate  areas 
well  separated ; in  P.  cinereus  these  areas  are  almost  con- 
tiguous; vomero-palatine  teeth  in  two  crescent  shaped  patches  and 
more  numerous  than  in  P.  cinereus.  Externally  H . scu- 
tatum differs  markedly  from  P.  cinereus  in  the  color  of 
the  head,  trunk  and  under  parts,  in  its  less  robust  form,  and  by 
having  but  four  toes  on  the  feet. 
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In  its  adaptation  to  terrestrial  life  the  four-toed  salamander 
again  approaches  the  red-back  (P  . c i n e r e u s) , although  in  this 
respect  it  has  not  gone  as  far. 

The  following  description  of  the  female  is  from  a living,  mature 
specimen  found  coiled  about  her  eggs  May  30,  1919.  Total  length, 
75  mm;  tail,  42.4  mm;  head,  length,  8 mm,  width,  5.6  mm  (behind 
eyes).  Color:  head  and  trunk  above  dark  reddish  brown,  becoming 
grayish  on  the  lower  part  of  the  sides  between  the  costal  grooves; 
snout,  lighter,  bronzy;  upper  side  of  limbs  and  tail  with  a ground 
color  of  reddish  orange  blotched  with  darker  brown;  a small, 
elongate,  light  reddish  patch  on  shoulders  above  the  arms  and  less 
distinct  specks  of  the  same  color  in  the  costal  grooves  on  the  back. 
Below,  bluish  white  with  irregular  flecks  of  black  mostly  distributed 
along  the  sides;  center  line  of  tail  free  from  spots,  that  of  belly 
nearly  so. 

The  head  is  broad  and  flat,  with  the  sides  nearly  parallel;  the 
snout  b'unt;  the  eyes  are  prominent  and  more  or  less  retractile; 
trunk  cylindrical  and  short;  tail  long,  the  posterior  half  keeled 
indistinctly  above  and  below.  Constriction  at  base  of  tail  prominent, 
a short  distance  behind  anus.  The  limbs  are  slender  but  strong; 
fingers  and  toes  four,  the  inner  and  outer  rudimentary. 

A distinct  median  dorsal  groove  originates  near  the  base  of  the 
tail  and  extends  onto  the  head  where  it  bifurcates  and  sends  a branch 
to  each  eye  (plate  3,  figure  2);  thirteen  or  fourteen  costal  grooves, 
the  upper  extension  of  which  meet  the  dorsal  groove  at  an  acute 
ang’e;  gular  fold  prominent,  continuing  onto  the  neck  where  it 
meets  a lateral  groove  extending  to  the  eye.  The  entire  surface 
of  the  skin  has  a finely  pitted  or  granular  appearance. 

Moesel  (T8)  states  that  the  male  is  usually  darker  on  the  dorsal 
surface  of  the  body  than  the  female,  and  that  'the  ventral  surface 
is  somewhat  differently  marked,  that  is  “ . . .is  milky- white 
with  large  inky-colored  spots  along  the  edges  of  the  belly,  throat 
and  pectoral  regions.  The  abdominal  region  is  devoid  of  spots.” 
C.  and  H.  Thompson  record  specimens  of  both  sexes  taken  from 
beneath  a log  in  April  in  which  the  females  were,  “.  . . fully 
twice  as  large  as  the  males.”  I have  no  specimens  of  males  and 
am  unable  to  add  to  the  above  accounts. 

A half-grown  specimen  30.4  mm  long,  anomalously  colored,  has  a 
striking  resemblance  to  some  specimens  ofPlethodon  cine- 
re  u s ; The  red  of  the  back  of  the  tail  in  young  four-toed  sala- 
manders is  often  continued  well  forward  over  the  trunk  but  in  this 
specimen  the  ventral  surface  is  also  aberrantly  marked.  Instead 
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of  irregular  black  spots  distributed  mostly  along  the  sides  of 
the  belly  and  tail,  this  specimen  has  dull-brown  spots  (on  a bluish 
ground)  more  or  less  uniformly  spread  all  over  the  venter  (plate  5, 
figures  1 and  2). 

Distribution 

The  range  of  Hemidactylium  as  given  by  Stejneger  and  Barbour 
(’17)  is  as  follows:  “Massachusetts,  southern  Canada  westward  to 
Michigan,  south  to  Georgia  and  the  Gulf  States,  also  Arkansas 
and  Illinois.”  West  of  the  Mississippi  it  has  been  recorded  from 
Hot  Springs,  Arkansas  and  Bourbon,  Crawford  county,  Missouri 
(Hu  ter  and  Strecker,  ’09).  It  will  undoubtedly  be  found  in  all 
New  England  states  if  search  be  made  at  the  proper  season  of  the 
year  in  the  somewhat  restricted  habitat  in  which  it  occurs  during 
the  period  of  egg  deposition  and  development. 

The  species  was  added  to  the  fauna  of  New  York  State  by 
S.  F.  Baird,  who  presented  living  specimens  to  the  State  Cabinet 
of  Natura  History  in  1851.  These  specimens  with  several  of  other 
species,  “were  all  caught  in  the  course  of  an  hour,  on  the  farm  of 
Joseph  C.  Tiffany,  Esq.,  near  Coxsackie.”  (Baird  ’52).  This  early 
record  was  evidently  overlooked  by  Paulmier  (’02),  in  the  “Lizards, 
Tortoises  and  Batrachians  of  New  York,”  as  the  following  statement 
under  the  account  of  the  species  indicates:  “Probably  to  be  found 
in  this  State.” 

In  the  Cayuga  lake  basin  where  the  species  has  probably  been 
more  frequently  taken  than  elsewhere  in  the  State,  it  has  been 
considered  uncommon.  Some  early  records  given  in  “ The  Verte- 
brates of  the  Cayuga  Lake  Basin,  N.  Y.,”  by  H.  D.  Reed  and 
Albert  H.  Wright  (’09)  are  here  quoted:  “ The  first  specimens  were 
obtained  near  Ithaca  in  the  valley  of  Sixmile  creek  by  H.  W.  Norris 
in  April,  1889.  No  other  specimens  were  found  in  this  basin  until 
October  22,  1905,  when  twenty-one  specimens  were  found  on  Larch 
hill,  two  mi  es  south  of  Ithaca  on  the  east  side  of  the  inlet  valley. 
They  were  all  found  under  stones  or  about  the  bases  of  stumps  in 
the  open.” 

For  the  following  records  from  the  vicinity  of  Ithaca,  N.  Y.,  I 
am  indebted  to  Miss  Julia  Moesel  of  Elmira  College  who  kindly 
permitted  use  of  that  part  of  her  master’s  thesis  (Cornell  ’18) 
pertaining  to  the  four-toed  salamander:  “April  6,  1914,  three  females 
were  taken  in  Enfield  gorge.  A single  specimen  was  taken  in 
the  evergreen  woods  at  Ellis  Hollow  on  May  16,  1916.”  “On 
April  16,  1914  . . . upon  the  hillside  overlooking^the  inlet  of 
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Cayuga  lake  and  about  40  feet  over  the  roadway  . . . two  families 
of  four-toed  salamanders  were  taken.  One  family  consisted  of  a 
single  adult,  a female,  and  three  young,  while  the  second  included 
a male,  a female  and  three  young,  each  about  1.8  cm  long.” 

“On  October  9,  1916,  three  individuals  were  discovered  at  the 
base  of  the  same  hillside,  almost  at  a level  with  the  roadway.  Here 
they  were  concealed  beneath  the  stones,  one  specimen  hiding  upon 
the  earth  surface,  the  other  two  having  been  unearthed  from 
burrows  about  6 or  7 inches  below  the  surface.  About  three  weeks 
later,  on  October  29th,  five  varying-sized  individuals  were  taken 
from  beneath  stones  lying  in  a direct  line  about  half  way  up  the 
hillside.” 

On  October  28,  1917,  Henry  Dietrich  took  two  adult  specimens 
from  beneath  stones  on  Larch  hill.  R.  F.  Deckert  (’14)  records 
Hemidactylium  from  Silver  Lake  Park  where  he  says  that  it  has 
been  repeatedly  taken,  usually  in  or  under  logs. 

Ditmars  (’05)  states  that  the  species  in  the  vicinity  of  New  York 
City  is  mostly  distributed  along  the  Palisades  of  the  Hudson  river. 
Mearns  (’98)  records  a single  specimen  from  the  Hudson  highlands 
taken  in  October,  1896.  In  the  collections  of  the  State  Museum  is 
a specimen  from  Orient  Point,  Long  Island,  received  May  6,  1911; 
three  specimens  from  Altamont,  N.  Y.,  taken  October  12,  1906,  and 
a single  individual  from  Elizabeth  island,  Lake  George,  taken  by 
the  writer  from  beneath  a log  August  2,  1917. 


Habitat 

Published  accounts  usually  record  this  species  from  terrestrial 
situations.  According  to  Ditmars  (ibid.),  “It  is  strictly  terrestrial 
and  inhabits  timbered  regions,  where  it  hides  under  logs  and  stones.” 
By  Sherwood  (’95),  it  was  found  in  the  open  woods  where  grass  was 
growing;  “All  were  under  stones  and  curled.  Single  specimens 
taken  at  Harrington,  N.  J.,  from  under  boards  of  logs  about  5 feet 
from  a pond.  Time  of  captures  May  and  June.”  W.  H.  Smith 
('82)  u . . . Found  in  April  under  old  logs  and  rails  in  open  woods 
at  some  distance  from  the  water.”  C.  and  H.  Thompson,  (T2) 
state  that  specimens  were  “found  (May  13,  1901)  in  earth  on  the 
roots  of  a violet  which  had  been  pulled  up  ”;  “ under  loose  moss  ”; 
“April,  1902,  under  a log”;  “one  was  just  inside  the  bark  of  a rotten 
stump.”  On  Larch  hill,  near  Ithaca,  specimens  were  found  under 
stones  and  the  bases  of  stumps.  Reed  and  Wright  (ibid). 
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Specimens  recorded  by  Moesel  from  hillsides  near  Ithaca,  “ were 
taken  from  beneath  large,  flat  stones  which  were  well  imbedded  and 
surrounded  by  a mass  of  shrubbery.”  Others,  as  before  noted, 
were  found  buried  to  a depth  of  6 or  7 inches. 

A few  specimens  have  been  taken  in  situations  less  terrestrial.  In 
his  account  of  the  Batrachia  and  Reptilia  of  Onondaga  county, 
Britcher  (’03)  includes  a single  specimen  taken  in  sphagnum  moss  in 
a swamp  on  the  James ville  road.  I am  indebted  to  Mrs  A.  A.  Wright 
of  Ithaca  for  a similar  record.  On  June  11,  1916,  while  searching 
for  a small  orchid,  Listera  australis,  Mrs  Wright  found  a 
specimen  in  the  sphagnum  of  the  Duck  Lake  bogs,  about  7 miles 
north  of  Savannah,  N.  Y. 

The  base  of  Larch  hill,  above  mentioned,  is  bordered  on  the  west 
by  a broad  meadow  formerly  with  large  areas  of  sphagnum  but 
now  being  fast  converted  by  ditching  operations  into  land  suitable 
for  cultivation.  On  June  16,  1919,  Dr  A.  H.  Wright  and  the  writer 
visited  this  locality  but  a thorough  search  failed  to  reveal  a single 
specimen  of  the  four-toed  salamander.  Although  few  specimens  had 
been  actually  recorded  from  sphagnum  bogs,  the  intimate  association 
of  the  species  with  this  type  of  environment  was  pointed  out  by 
Wright  (’18)  who  stated,  “The  four-toed  salamander  (Hemi- 
dactylium  scutatum)  . . . is  vanishing  with  the  drying 
up  or  draining  of  sphagnum  bogs  and  feather  bed  swamps.”  It 
is  certain  that  the  final  conversion  of  sphagnum  areas  will  mark  the 
extirpation  of  the  species  in  such  localities,  unless  in  their  progressive 
adaptation  to  terrestrial  life,  they  select  more  varied  situations  for 
deposit  of  eggs. 

General  Habits 

The  habit  of  coiling  up  when  disturbed  or  exposed  was  observed 
by  Sherwood  (ibid)  and  independently  by  A.  H.  Wright,  who 
expressed  the  opinion  that  the  habit  was  perhaps  correlated  in  some 
way  with  the  attendance  of  the  female  upon  the  eggs;  a conjecture 
verified  to  some  extent  by  subsequent  observations.  Two  habits 
of  Plethodon  cinereus,  leaping  and  autotomy  of  the 
tail,  described  by  Piersol  (’09)  as  of  rare  occurrence  among  Urodeles, 
have  both  been  observed  in  Hemidactylium.  The  leaping  process 
in  the  latter,  however,  seems  to  be  accomplished  more  by  violent 
contortions  of  the  body  and  tail  than  by  use  of  the  limbs. 

Although  several  individuals  were  taken  in  the  field  with  tails 
in  various  stages  of  regeneration,  the  inclination  to  part  with  this 
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member  was  not  particularly  evidenced  in  specimens  handled  in 
captivity.  One  very  active  salamander,  however,  too  roughly 
treated,  left  its  tail  wriggling  on  my  desk  and  started  to  crawl  away. 
With  preserved  specimens,  the  greatest  care  in  handling  is  required 
to  keep  body  and  tail  together. 

The  definite  constriction  at  the  base  of  the  tail  in  Hemidactylium 
marks  the  line  of  separation  of  the  skin  in  autotomy  (plate  3 , figures 
1-2-3).  A short  distance  in  front  of  this  constriction  there  is  a 
less  prominent  depressed  line  which  indicates  the  point  of  detachment 
of  muscles  and  vertebrae.  By  this  provision  the  skin,  on  separation, 
is  of  sufficient  length  to  cover  the  wound  of  the  stub  over  which  it 
immediately  shrinks.  The  detached  portion  of  the  tail  wriggles 
violently  for  a few  minutes  and  if  stimulated  by  pinching  or  with 
acetic  acid  the  contortions  continue  for  a longer  time. 

A specimen  in  captivity  was  induced  to  cast  off  the  tail  by 
touching  the  back  with  a drop  of  dilute  acetic  acid.  A single  violent 
wrench  of  the  body  sufficed  to  separate  it  from  the  tail. 
Plethodon  eschscholtzii  (oregonensis)  is  said  to 
have  a constriction  similar  to  that  of  Hemidactylium  and  in  addition 
well-developed  dorsal  glands  of  the  tail.  In  P.  cinereus  there 
is  no  such  specialized  device  or  great  development  of  dorsal 
glands,  autotomy  occurring  at  almost  any  point  back  of  the  anus. 
The  provisions  for  protection  of  the  wound  noted  in  Hemi- 
dactylium are  practically  those  observed  by  Piersol  (ibid)  in 
Plethodon. 

Well  hidden  beneath  stones  or  bark  or  buried  deep  in  sphagnum 
moss  for  the  greater  part  of  the  year  and  doubtless  further  protected 
by  disagreeable  secretions  of  the  skin,  this  salamander  probably  . 
has  comparatively  few  enemies.  The  greatest  danger  must  occur 
during  migration  or  at  night  if  it  be  given  to  nocturnal  ramblings. 

The  food  of  Hemidactylium  probably  consists  principally 
of  insects.  C.  and  H.  Thompson  (ibid),  observed  it  to  take  small 
flies  in  captivity.  O.  P.  Hay  (’92)  states,  “The  food  is  said  to 
consist  principally  of  worms  and  insects.”  The  stomach  of  a female 
taken  at  Ringwood  (near  Etna),  N.  Y.,  May  20th,  contained  the 
larva  of  one  of  the  Micro-lepidoptera  (Crambinae  and  probably 
of  the  genus  Crambus)  and  the  remains  of  some  small  Staphylinids. 
Sphagnum  moss  and  bog  litter  in  general  contain  a varied  and 
extensive  fauna  of  the  smaller  invertebrates  which  undoubtedly 
contribute  to  the  support  of  Hemidactylium  and  other  bog-dwelling 
forms.  Spiders,  mites,  beetles  and  Thysanura  are  particularly 
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numerous.  Larvae  of  various  species  of  Lepidoptera  and  pseudo- 
scorpions occur;  even  amphipods  are  sometimes  found. 

I have  not  observed  internal  parasites  in  the  adult  salamanders 
but  the  gelatinous  envelops  of  several  of  the  eggs  were  infested 
with  small  nematodes  that  moved  about  in  the  semifluid  mass. 

That  there  is  an  increasing  adaptation  to  terrestrial  life  and 
increasing  degree  of  parental  care  of  eggs  and  larvae  in  the  series 
represented  by  Amby stoma,  Desmognathus,  Plethodon  and  Oneides 
(Autodax)  has  been  pointed  out  by  Piersol.  In  this  series  may  be 
placed  Hemidactylium  which  in  adult  life  is  as  terrestrial  as  Plethodon 
and  more  so  than  Desmognathus.  The  egg  complement  (40-60)  of 
Hemidactylium,  however,  is  larger  than  that  of  Desmognathus 
(15-20,  Hilton,  ’09)  or  of  Plethodon  (3-12,  Piersol,  ’09)  and  the 
eggs  are  laid  in  situations  which  are  in  closer  relation  to  water  than 
those  of  either  of  the  other  species.  The  larger  number  of  eggs 
and  the  fact  that  they  are  deposited  in  situations  that  give  them 
abundant  and  constant  supply  of  moisture,  may  be  an  indication 
of  more' recent  adaptation  to  terrestrial  life;  if  so,  Hemidactylium 
has  gone  farther  and  faster  than  Desmognathus  fusca, 
both  in  the  larval  and  adult  condition. 

Breeding  Habits 

Very  little  has  been  published'  concerning  the  breeding  habits 
of  Hemidactylium.  O.  P.  Hay  (ibid)  stated  that  the  eggs  were 
found  in  moss  at  the  roots  of  trees  that  stood  near  ponds,  and  that 
they  were  said  to  resemble  the  eggs  of  P.  cinereus.  Cope  is 
reported  as  saying  that  the  gills  are  absorbed  at  an  early  period 
in  life  and  that  the  animal  never  enters  the  water.  Ditmars  (ibid) 
expressed  the  opinion  that  the  young  possessed  branching  gills 
when  hatched  but  lost  them  in  a few  days.  As  no  specimens  were 
mentioned,  the  statements  of  Cope  and  Ditmars  may  have  been 
conjectures  based  on  general  knowledge  of  related  forms.  In  their 
account  of  the  species,  C.  and  H Thompson  remarked,  “ The  eggs 
are  laid  under  moss  or  bark,  and  the  salamander  at  least  in  the 
adult  condition  avoids  water.” 

Moesel  (’18)  examined  the  ovarian  eggs  of  specimens  taken 
April  11,  1917,  on  Larch  hill  and  June  11,  1916,  at  Duck  lake  and 
found  them  to  be  of  large  size,  2 mm  in  diameter.  She  states  further 
that  they  were  pigmented,  a little  less  than  half  of  the  egg  being 
of  a dark  grayish  brown  shade.”  Fifty-three  eggs  were  found  in 
the  first  specimen  examined  and  fifty-seven  in  the  other.  The 
conclusion  was  reached  that  the  period  of  ovulation  occurred  during 
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late  April  or  early  May  in  the  vicinity  of  Ithaca  and  somewhat 
later  in  the  vicinity  of  Duck  lake.  The  ovarian  eggs  observed  by 
Moesel  correspond  closely  in  number  to  those  actually  found  in 
the  field  where  complements  were  noted  containing,  on  the  average, 
about  fifty.  These  notes  constitute  practically  all  that  has  been 
recorded  concerning  breeding  habits  of  the  species. 

On  May  14,  1919,  the  writer,  while  sifting  for  spiders  with 
Prof.  C.  R.  Crosby  of  Cornell  University,  found  the  eggs  of  the 
four-toed  salamander  with  the  female  coiled  about  them  in  the 
bogs  of  the  Mud  pond  basin  near  McLean,  N.  Y. 

The  McLean  bogs  are  part  of  a series  extending  in  a northeast- 
southwest  direction  between  Ithaca  and  Cortland,  N.  Y.  Originally 
of  considerable  area,  the  actual  sphagnum-heath  formations  are  now 
of  comparatively  small  extent  and  diminishing  with  the  encroach- 
ment of  grass  and  shrub  and  tree.  Mud  pond  itself  (plate  I,  figures 
1 and  2)  is  surrounded  by  bushy  swamps  and  grass  bogs  with  occa- 
sional patches  of  sphagnum  and  other  mosses  scattered  about  the 
margin  among  the  clumps  of  shrubs.  A characteristic  shrub,  herb 
and  sphagnum  association  on  the  border  of  this  pond  may  be  presented 
as  a typical  habitat  of  Hemidactylium  during  the  period  of  deposition 
and  incubation  of  the  eggs. 

The  common  woody  shrubs  are  represented  by  clumps  of  red- 
osier  dogwood  (Cornus  stolonif  era),  hoary  alder  (A  1 n u s 
i n c a n a) , and  an  occasional  shad  bush  (Amelanchier  sp). 
A few  seedlings  of  the  arrow  wood  (Viburnum  dentatum) 
and  vines  of  Clematis  virginiana  find  root  among  the 
larger  shrubs.  The  herbaceous  plants  consist  principally  of 
small  groups  of  meadow  rue  (Thalictrum  polygamum), 
white  violet  (Viola  bland  a),  touch-me-not  (Impatiens 
b i f 1 o r a) , water  pennywort  (Hydrocotyle  americana) 
and  scattered  single  plants  of  the  cuckoo  flower  (Cardamine 
pratensis).  In  the  open  water  spaces  between,  the  marsh 
marigold  (Caltha  palustris)  and  other  bog-loving  forms 
are  scattered.  Rank  growths  of  sphagnum  and  other  mosses  cover 
the  roots  and  bases  of  the  shrubs  and  in  these  masses  of  moss  the 
four-toed  salamander  lays  her  eggs  (plate  2,  figures  1 and  2). 

In  every  instance  the  eggs  were  found  buried  to  a depth  of  3 or 
4 inches  in  the  moss  and  within  6 inches  of  the  water.  In  every 
instance  the  female  was  found  either  partly  coiled  upon  the  eggs 
or  about  them.  When  disturbed  the  female  often  made  an  effort 
to  escape  by  burrowing  in  the  moss  but  sometimes  she  seemed 
inclined  to  stay  with  her  eggs.  It  is  almost  impossible  to  find 
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the  eggs  of  Hemidactylium  without  disturbing  their  position  some- 
what in  removing  the  covering  of  moss,  but  in  general  it  may  be 
stated  that  they  are  disposed  in  a mass  and  are  stuck  firmly  together 
and  to  rootlets,  and  stems  of  moss  (plate  4,  figures  1-3). 

The  first  lot  of  eggs  found  (May  14th)  contained  ninety,  but 
were  probably  the  complements  of  two  females  as  a second  was  seen 
but  not  captured.  Subsequent  observations  on  the  number  of  eggs 
deposited  strengthen  this  conjecture.  On  May  27th  A.  H.  Wright 
and  the  writer  again  visited  the  bogs,  and  other  specimens  were 
found  in  like  situations  within  a few  feet  of  the  former.  At  this 
time,  a female  and  her  eggs,  about  fifty,  and  a female  without  eggs 
were  taken.  A third  specimen  was  left  as  found  partly  coiled  about 
her  eggs.  On  June  30th  A.  H.  Wright  found  that  this  female  and 
her  brood  had  departed.  On  May  27th  Henry  Dietrich  of  Cornell 
University,  while  collecting  at  the  Ringwood  bogs  near  Etna,  N.  Y., 
found  one  adult  and  two  half-grown  four-toed  salamanders  in  the 
moss  near  water.  One  week  before  two  adults  were  taken  by  him 
in  the  same  place. 

As  the  first  female  taken,  confined  too  closely,  failed  to  survive 
transportation  from  McLean  to  Ithaca,  the  unattached  female  taken 
May  27  th  was  placed  with  the  original  lot  of  eggs  which  she  soon 
appropriated  and  coiled  about. 

Other  parts  of  the  margin  of  Mud  pond  were  explored  May  30th 
and  nine  more  egg  masses  found,  in  each  case  as  before,  within 
6 inches  of  the  water  and  attended  by  the  female.  In  one  side 
of  a small  clump  of  sphagnum  were  four  females  and  a total  of 
204  eggs;  the  egg  masses  were  not  distinctly  separated,  in  fact  so 
close  that  it  was  impossible  to  confine  each  female  to  her  own. 
Other  specimens  were  noted  with  eggs  in  clusters  of  22  to  64. 

Whether  fertilization  of  the  eggs  takes  place  in  the  fall  or  spring 
is  not  known.  The  spermathecae  of  Hemidactylium  were  not 
examined  by  Kingsbury  (’96)  when  he  made  his  comparative  study 
of  these  organs  in  several  species  of  salamanders.  In  seeking  an 
answer  to  this  question  several  dissections  were  made  and  the  follow- 
ing conditions  noted:  In  all  females  examined  ovarian  eggs  were 
found  in  various  stages  of  development.  A single  ovary  from  each 
of  several  specimens,  taken  May  30th  and  killed  June  10th, 
contained  from  90  to  100  eggs  varying  in  size  from  almost  microscopic 
to  .5  mm  in  diameter.  The  larger  eggs  were  unpigmented,  white 
and  opaque;  the  smaller,  clear  with  an  opaque  center  and  confined 
to  the  center  of  the  mass.  The  condition  of  some  of  these  eggs 
might  be  considered  evidence  that  mating  takes  place  in  the  spring; 

13 


26o 


NEW  YORK  STATE  MUSEUM 


and  the  fact  that  males  and  females  have  been  taken  from  beneath 
the  same  log  (C.  & H.  Thompson  T2,  p.  36)  or  stone  (Moesel  T8) 
at  this  time  of  the  year  points  to  the  same  conclusion. 

The  four-toed  salamander  has  been  taken  in  the  spring  as  early 
as  April  7th  (Wright  and  Allen  T3)  and  this  date  probably  approxi- 
mately marks  the  beginning  of  general  release  from  hibernation 
(in  the  latitude  of  central  New  York)  and  the  preparation  for  mating 
and  migration  of  the  females  at  least,  to  situations  favorable  to 
development  of  the  eggs.  All  adult  specimens  taken  in  the  bogs 
were  females,  the  sex  being  determined  by  dissection.  As  half-grown 
specimens  have  also  been  found  in  bogs,  it  is  probable  that  they 
too  perform  the  seasonal  migration. 

Developing  eggs  were  kept  in  sphagnum  moss  in  jars  and  cans, 
some  of  which  in  turn  were  surrounded  by  moss.  With  three  groups 
of  the  eggs  a female  was  placed,  the  others  were  simply  covered  by 
moss.  Apparently  the  attendance  of  the  female  made  no  difference 
with  the  development  of  the  eggs  as  long  as  the  moisture  content 
of  the  moss  approximated  conditions  in  the  field.  Eggs  kept  in 
moss  saturated  with  water  became  mouldy  and  many  were  lost. 

Drawings  of  the  earlier  development  stages  were  made  from 
specimens  placed  in  60  to  70  per  cent  alcohol  on  successive  days; 
later  stages  from  live  embryos  selected  at  longer  intervals.  Only 
those  stages  showing  some  particular  feature  of  development  are 
considered  in  this  account,  although  a constant  check  was  kept  on 
all  stages.  In  all  stages  the  envelops  of  the  eggs  are  represented 
more  or  less  diagrammatically  as  the  thickness  of  these  envelops 
varied  constantly  with  their  water  content. 


Eggs 

Unlike  the  eggs  of  Desmognathus  fuscus,  Pletho- 
don  cinereus  and  some  others,  those  of  Hemidactylium  are 
not  stalked  but  cling  together  and  to  the  surrounding  moss  by  the 
adhesiveness  of  their  gelatinous  coverings  (plate  4,  figures  1 and  2). 

In  size  they  vary  from  2.5  to  3 mm  in  diameter  and  are  inclosed 
by  two,  at  least,  gelatinous  envelops  which  give  them  a total  diameter 
of  4.5-5  mm  depending  to  a considerable  extent  on  the  amount  of 
moisture  present  and  consequent  absorption.  The  outer  of  the 
two  distinct  envelops  is  comparatively  thin,  tough  and  elastic;  the 
inner,  more  fluid  in  its  consistency  like  clear  jelly.  In  some  stages 
of  development  it  was  possible  to  distinguish  a thin  vitelline  mem- 
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brane  closely  surrounding  the  embryo  and  separating  it  from  the 
more  fluid  envelop. 

The  eggs  were  very  slightly  pigmented  on  one  side  when  found 
but  it  is  highly  probable  that  when  deposited  they  were  less  so.  The 
unpigmented  parts  were  given  a light  tinge  of  color  by  the  yolk. 
Deposited  as  they  were  in  damp  moss,  it  was  often  necessary  to 
wash  the  eggs  or  remove  the  outer  envelop  entirely  to  free  them 
from  adhering  bits  of  rubbish. 

Development  of  the  Embryo 

When  found  (May  14th)  the  eggs  were  well  advanced  in  develop- 
ment, the  earliest  stage  noticed  having  the  medullary  folds  fully 
formed  though  not  yet  approximated.  As  early  segmentation  and 
gastrulation  stages  are  normally  passed  through  rapidly,  the  eggs 
probably  had  not  been  deposited  longer  than  48  to  72  hours  before 
being  discovered  (plate  6,  figure  1).  There  is  no  trace  of  the  blasto- 
pore although  such  early  disappearance  may  be  considered  unusual. 
Of  the  series  of  eggs  examined,  only  one  revealed  the  conditions 
noted  above,  the  remaining  specimens  being  considerably  more 
advanced.  Another  specimen  taken  the  same  date  has  the  embryo 
well  defined  (plate  6,  figure  2),  with  a median  longitudinal  depressed 
line  marking  the  union  of  the  medullary  folds.  Body  divisions  are 
not  apparent  in  this  stage  unless  the  slight  widening  of  the  anterior 
end  of  the  embryo  be  considered  as  defining  the  limits  of  the  head. 
About  two-thirds  of  the  circumference  of  the  egg  is  occupied  by  the 
encircled  embryo  in  this  stage. 

May  1 6th.  Definite  head  and  body  regions  are  evident.  Back 
of  the  head  a slight  swelling  indicates  the  position  of  developing 
tissue  for  gill  and  arm  buds.  In  front,  the  head  is  slightly  free. 
The  egg  is  considerably  elongated  but  whether  from  distortion  or 
influence  of  the  embryo  is  not  apparent  (plate  6,  figure  3). 

May  19th.  The  development  of  tissue,  which  barely  indicated 
the  position  of  gill  and  arm  buds  in  the  preceding  stage,  shows 
marked  increase  and  with  the  head  comprises  fully  one-half  the  mass 
of  the  egg.  The  embryo  is  folded  upon  itself,  the  head,  gill  and 
arm  regions  occupying  one  hemisphere,  the  yoke  mass  the  other.  A 
slight  narrowing  of  the  head  in  front  and  more  definite  pigmentation 
give  indications  of  forming  eyes  and  snout  (plate  6,  figure  4). 

May  2 1st.  The  eye  regions  are  highly  pigmented  and  the  tissues 
of  the  developing  gill  and  arm  buds  greatly  increased  in  thickness. 
The  three  primary  divisions  of  the  body,  head,  trunk  and  tail  are 
now  recognizable ; the  tip  of  the  tail  is  in  contact  with  the  under 
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side  of  the  snout  (plate  6,  figure  5).  In  this  stage  a delicate  mem- 
brane, surrounding  the  embryo,  separates  it  from  the  jellylike  envelop. 

May  25th.  The  embryo  shows  but  little  advancement  in  this 
period  although  it  is  possible  that  the  specimen  selected  does  not 
represent  the  normal  development.  A slightly  more  pronounced 
constriction  back  of  the  gill  and  arm  region,  an  increase  in  the  length 
of  the  tail  and  some  reduction  of  the  yolk  mass  is  evident  (plate  6, 
figure  6). 

May  27th.  Buds  of  the  gills  and  arms  defined  by  lateral  depres- 
sions ; trunk  and  tail  assuming  definite  shape  and  yolk  mass  confined 
to  the  region  of  the  lower  abdomen.  Pigmentation  increasing  in 
the  eye  areas  and  along  the  sides  of  the  back  and  tail. 

Drawings  of  the  foregoing  stages  are  from  preserved  specimens; 
those  which  follow  were  made  from  living  embryos. 

June  2d.  Length  of  embryo,  7.3  mm  (plate  7,  figure  2). 

The  embryos  in  this  stage  are  active  and  revolve  freely  on  their 
long  axes  within  the  gelatinous  envelops.  The  pupils  of  the  eyes 
are  developed;  the  gill  and  arm  buds  are  of  considerable  size  In 
the  specimen  figured  there  are  three  gill  buds  on  the  right  side, 
each  separate,  on  the  left  but  two  and  these  coalesced.  The  gill 
slits  are  still  imperforate.  Pigment  distributed  in  small  flecks  on 
the  dorsum. 

June  4th.  Length  9.4  mm  (plate  7,  figure  3). 

There  is  a marked  development  of  the  gills,  the  longest  equal  in 
length  to  the  head.  The  fringed  condition  of  the  fully  developed 
gills  is  here  presaged  by  shallow  scallopings  of  the  margins.  The 
gill  slits  now  perforate;  circulation  evident  in  the  gills  and  along 
the  venter.  Pigment  spots  coalescing  more  or  less  giving  a decided 
color  pattern  to  the  back  and  sides.  Body  behind  the  head  com- 
pressed; the  posterior  two-thirds  of  the  trunk  and  tail  distinctly 
keeled  above,  the  tail  also  keeled  below.  Arms  half  as  long  as  the 
head,  legs  indicated  by  slight  swellings  at  the  base  of  the  tail. 

June  6th.  Length  12.6  mm  (plate  7,  figure  4). 

Gills  fully  developed,  the  fingers  of  the  hand  partly  so.  Legs 
represented  by  mere  swellings  in  the  preceding  stage,  now  half  as 
long  as  the  arms  and  notched  at  their  extremities.  Of  the  total 
length  of  the  body,  the  tail  occupies  two-fifths.  Trunk  above  keeled 
almost  to  the  head;  the  tail  keeled  above  and  to  the  origin  of  the 
legs  below.  General  color  and  pattern  pickerel-like.  The  flecks  of 
yellowish  green  and  orange  pigment  originating  among  those  of  light 
and  dark  grey,  by  spreading  and  uniting  give  a mottled  appearance 
to  the  sides.  On  each  side  of  the  middle  line  of  the  back  and  tail 
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alternating  spots  of  light  and  dark  gray;  the  light  spot  of  one  side 
opposite  the  dark  of  the  other. 

June  12th.  Length,  13.8  mm  (plate  7,  figure  5). 

Larvae  free  from  gelatinous  envelops  of  eggs.  No  marked  changes 
except  in  development  of  fingers  and  a slight  increase  in  size.  Color 
pattern  slightly  modified  by  coalescence  of  spots  on  the  back  of 
trunk  and  tail.  The  figure  is  of  interest  particularly  because  it 
shows  the  extremely  compressed,  wedge-shaped  body. 

June  19th.  Length  15  mm  (plate  7,  figure  6). 

Gills  about  half  their  original  length ; arms  and  hands  fully  devel- 
oped, the  second  and  third  fingers  proportionally  longer  than  in 
the  adult.  Legs  with  middle  joint  free,  feet  with  three  toes.  Body 
and  tail  robust  and  taking  on  adult  proportions.  Center  line  of 
back  with  a series  of  light  gray  spots  diminishing  from  before  back- 
ward and  bordered  by  darker  gray,  the  result  of  fusion  of  the 
alternating  spots  developed  in  a previous  stage. 

June  20th.  The  single  specimen  showing  reduction  of  gills, 
found  dead  on  this  date.  Attempts  to  secure  additional  specimens 
to  complete  the  series  of  development  stages  and  show  final  reduction 
of  the  gills  were  unsuccessful.  The  sphagnum  of  the  bogs  bordering 
Featherstone  lake  (near  Mariahville,  N.  Y.)  was  examined  and 
search  made  in  the  thick  moss  growing  about  the  bases  of  stumps 
on  the  edge  of  a small  hill-top  pond,  near  Ballston  lake,  New  York, 
but  without  results. 

The  amount  of  yolk  in  the  eggs  of  Hemidactylium  is  proportionally 
smaller  than  that  found  in  P.  cinereus  or  D.  fuscus.  In 
other  words,  the  developing  embryos  of  Hemidactylium  have  greater 
bulk  compared  to  the  mass  of  the  yolk  than  is  the  case  in  the  other 
species  mentioned.  In  that  stage  of  development  of  D.  fuscus 
in  which  arm  and  gill  buds  are  evident  from  surface  views,  the 
embryo  is  of  relatively  small  size  and  encircles  the  egg  (Hilton  ’09, 
plate  4,  figures  47-48).  Practically  the  same  is  true  of  P . cine- 
reus. In  Hemidactylium,  however,  by  the  time  the  gill  and 
arm  buds  are  well  formed,  the  yolk  mass  is  confined  to  the  abdominal 
region  of  the  embryo  and  greatly  diminished;  even  at  an  earlier 
stage  considerable  reduction  of  yolk  is  evident  (plate  6,  figures  5-6; 
plate  7,  figure  1).  The  condition  of  Hemidactylium  is  perhaps 
nearer  that  found  in  Eurycea  (Spelerpes)  bislineata 
whose  eggs  are  deposited  in  water  (Wilder  ’99). 

Early  absorption  of  the  yolk  presupposes  ability  in  the  young 
larvae  to  take  food  independently  soon  after  leaving  the  egg;  but 
specimens  observed,  although  capable  of  considerable  movement, 
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appeared  entirely  unfitted  to  capture  insects  or  take  solid  food. 
The  undeveloped  condition  of  the  limbs  at  the  time  of  hatching 
gives  evidence  of  the  helpless  condition  of  the  larvae,  particularly 
when  they  are  not  in  an  aquatic  environment.  Inez  W.  Wilder 
(’13)  found  newly  hatched  larvae  of  D . f u s c u s very  active  and 
able  to  crawl  about;  certainly  the  young  of  Hemidactylium  are 
incapable  of  doing  this  when  reared  under  laboratory  conditions. 
The  aquatic  larval  period  ofD.fuscus  perhaps  necessitated  the 
early  full  development  of  limbs  to  enable  them  to  reach  the  water. 
Conversely,  the  absence  of  an  aquatic  condition  in  Hemidactylium 
may  account  for  the  lack  of  such  development  although  the  necessity 
of  being  able  to  capture  food  remains. 

Pigmentation  of  the  integument,  as  observed  in  the  development 
of  Hemidactylium,  has  three  distinct  phases.  The  earliest  indication 
of  color  appears  as  thin  wash  of  pigment  more  or  less  regularly 
distributed.  In  the  second  stage  the  pigment  is  in  irregular  flecks 
confined  mostly  to  the  dorsal  surface  of  the  body.  By  spreading 
and  uniting  the  color  pattern  is  developed  in  the  third  stage. 

The  length  of  time  the  gills  are  retained  in  larvae  reared  under 
artificial  conditions  depends,  to  a considerable  extent,  upon  the 
moisture  content  of  the  moss  in  which  they  are  kept.  To  determine 
if  possible  the  influence  on  development  of  such  factors  as  light 
and  moisture,  some  experiments  were  conducted  along  the  following 
lines:  In  some  specimens  taken  May  30th  the  embryos  were  supplied 
with  fully  developed  fringed  gills,  but  still  inclosed,  June  12th, 
within  the  gelatinous  envelops.  Of  these  eggs,  two  lots  of  about 
a dozen  each  were  placed  in  glass  jars  containing  sphagnum  moss, 
supported  by  a wire  screen  placed  an  inch  above  the  bottom  of  the 
jar.  Water  in  the  jar  insured  a constant  humid  condition  without 
being  in  contact  with  the  moss. 

On  June  19th  larvae  were  found  free  in  the  moss  and  adhering 
to  the  sides  of  the  jars.  On  June  21st,  four  specimens  in  jar  1 and 
three  in  jar  2 were  found  in  the  water  in  the  bottom  of  the  jars 
having  worked  their  way  through  two  and  one -half  inches  of  moss. 
Of  these  seven  specimens,  but  one  was  alive.  On  June  23d  the 
remaining  specimens  died  without  showing  the  slightest  reduction  of 
gills. 

The  fact  that  some  larvae  worked  their  way  through  the  moss 
and  into  the  water  probably  has  no  significance.  Several  artificial 
conditions  imposed  on  the  specimens  used  in  the  experiments  have 
no  counterpart  in  nature.  (1)  To  reach  the  water  level  in  bogs, 
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the  larvae  would  have  to  burrow  through  5 or  6 inches  of  moss. 
(2)  The  burrowing  of  the  specimens  kept  in  glass  jars  may  have 
been  induced  through  efforts  to  escape  too  much  light.  (3)  The 
moss  in  the  jars  was  loosely  placed  and  permitted  easy  access  to 
thei  water.  Finally,  the  fact  that  all  but  one  of  the  specimens  were 
dead  when  found  is  in  itself  evidence  that  the  occurrence  was 
accidental. 

The  original  lot  of  eggs  from  which  development  stages  were 
taken  was  placed  in  a glass  jar  with  a perforated  top,  the  whole 
being  kept  most  of  the  time  surrounded  by  moss,  in  a large  can. 
The  moss  in  this  jar  was  damp  but  not  saturated.  On  June  6th 
gills  were  fully  developed.  Removal  of  dead  individuals  and  those 
representing  stages  of  development  reduced  the  original  number  to 
three  specimens,  which  on  June  12th  escaped  from  the  egg  envelops. 
To  hasten  reduction  of  gills  one  of  these  was  placed  in  moss  only 
sufficiently  damp  to  prevent  drying  of  the  specimen.  One  week 
later,  June  19th,  the  gills  on  this  specimen  were  shortened  to  half 
their  original  length. 

To  recapitulate:  Larvae  taken  May  30th,  with  gills  fully 
developed  and  kept  in  moss  saturated  with  water,  left  the  eggs 
June  19th  and  retained  the  gills  without  apparent  reduction  until 
June  23d,  when  they  died.  The  young  then  were  retained  20  days 
in  the  egg  with  gills  fully  developed.  Larvae  of  the  original  lot 
of  eggs  arrived  at  the  gill  stage  June  6th,  escaped  frcm  the  eggs 
June  12th  and,  in  the  one  specimen  that  survived,  considerable 
reduction  was  evident  June  19th.  Specimens  with  gills  in  this 
case,  remained  within  the  egg  only  6 days. 

Thirty  days  were  required  to  complete  the  development  of  larvae 
in  the  eggs  if,  as  estimated,  they  had  been  deposited  3 days  before 
being  discovered.  In  one  specimen  the  gills  were  reduced  to  half 
their  original  size  in  7 days  more.  If  this  be  considered  a normal 
reduction,  then  complete  loss  of  the  gills  might  be  accomplished  in 
an  additional  week  or  two  and  the  total  length  of  time  required  for 
development  and  transformation  be  limited  to  a period  of  about 
5 weeks.  The  fact  that  the  female  found  with  eggs  May  27th  had 
disappeared  with  her  brood  some  time  before  June  30th  affords  some 
evidence  that  the  whole  period  of  transformation  may  be  accomplished 
within  the  limits  estimated.  The  length  of  time,  however,  probably 
varies  considerably,  as  indicated  by  the  retention  of  gills  in  larvae 
kept  in  saturated  moss. 

The  period  of  egg-transformation  of  common  species  in  the  east 
is  considerably  longer  than  that  estimated  for  Hemidactylium,  as 
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may  be  seen  from  the  following  data  taken  from  the  Field  Note 
Book  of  Fishes,  Amphibians,  Reptiles  and  Mammals  by  A.  H.  Wright 
and  A.  A.  Allen: 

Spotted  salamander,  Ambystoma  maculatum  (Shaw)  Egg-trans- 
formation 4-6  months 

Red-backed  salamander,  Plethodon  cinereus  (Green)  2.5-3  months 
Purple  salamander,  Grinophilus  porphyriticus  (Green)  Possibly 

2 or  more  years 

Two-lined  salamander,  Eurycea  bislineata  (Green)  Possibly  2 years 
Newt,  Notophthalmus  viridescens  (Raf)  4-8  months 

In  the  case  of  D.  fuscus,  Wilder  estimated  the  probable 
duration  of  incubation  alone  to  be  5 weeks,  and  the  aquatic  larval 
period,  during  which  the  gills  are  retained,  to  extend  over  an  addi- 
tional period  of  9 to  10  months. 

The  chief  points  of  interest  in  the  life  history  of  the  four- toed 
salamander  may  perhaps  be  profitably  summarized:  Adults  of  both 
sexes  are  strictly  terrestrial  during  the  greater  part  of  the  year. 
In  the  latitude  of  central  New  York  release  from  hibernation  occurs 
in  April  and  it  is  probable  that  pairing  of  the  sexes  takes  place  soon 
after.  During  the  latter  part  of  April  or  early  May  the  female, 
at  least,  migrates  to  situations  suitable  for  ovulation  and  after 
depositing  the  eggs  remains  with  them.  The  period  of  incubation 
is  variable  depending  on  conditions  but  doubtless  limited  to  30  or 
40  days.  From  the  scant  evidence  of  observations  on  a single  indi- 
vidual it  may  be  that  transformation  is  accomplished  in  an  additional 
period  of  10  to  20  days.  The  adult  size  is  probably  not  reached 
until  the  end  of  the  year  following  that  of  transformation.  Migra- 
tion to  terrestrial  situations  from  the  bogs  must  occur  in  summer 
or  early  fall. 

The  large  number  of  eggs  deposited,  their  intimate  relation  to 
sources  of  moisture  and  early  absorption  of  the  yolk,  indicate  recent 
adaptation  to  terrestrial  life. 
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Fig.  i General  view  of  Mud  pond  and  surroundings  from  the 
south. 

Fig.  2 Southwest  side  of  Mud  pond  with  its  bordering  growths 
of  shrubs,  herbs  and  sphagnum;  the  typical  habitat  of  Hemidac- 
tylium  during  deposition  and  incubation  of  the  eggs. 
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Fig.  i Clumps  of  red-osier  dogwood,  hoary  alder  and  shad  bush 
at  the  bases  of  which,  in  the  moss,  the  eggs  of  Hemidactylium  are 
buried.  Arrow  indicates  position  of  the  first  lot  of  eggs  found. 

Fig.  2 Mass  of  sphagnum  moss  opened  to  expose  the  eggs  of 
Hemidactylium,  which  are  just  below  the  finger  tips  of  the  extended 
hand. 
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Fig.  i Adult  female  Hemidactylium  scutatum 
showing  typical  coloration  of  the  back  and  sides,  the  basal  constric- 
tion of  the  tail  and  rudimentary  condition  of  the  inner  and  outer 
fingers  and  toes.  Actual  length  of  specimen  65  mm. 

Fig.  2 Adult  female,  another  specimen,  showing  basal  constriction 
of  the  tail  which  marks  the  line  of  separation  of  the  skin  in  autotomy, 
and  the  less-defined  depressed  line  just  anterior,  the  place  of  detach- 
ment of  muscles  and  vertebrae.  In  this  specimen  the  tail  is  widest 
at  a point  about  one-third  of  its  length  back  of  the  constriction. 
The  dorsal  extensions  of  the  costal  furrows  meet  the  median  groove 
at  an  acute  angle.  Actual  length  73  mm. 

Fig.  3 Adult  female  showing  typical  coloration  of  the  underparts, 
the  prominent  gular  fold  and  the  basal  constriction  of  the  tail. 
The  length  and  thickness  of  the  tail  is  proportionately  less  than 
in  the  specimen  (figure  2)  figured  beside  it.  Actual  length  of  speci- 
men 62.5  mm. 
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Fig.  i Eggs  of  Hemidactylium  scutatum,  natural 
size,  clinging  together  and  to  moss  by  the  adhesiveness  of  their 
gelatinous  envelops.  Photographed  with  a horizontal  camera,  the 
moss  being  suspended  before  it. 

Fig.  2 A few  of  the  eggs  shown  in  figure  i enlarged  to  show 
gelatinous  envelops  and  the  manner  in  which  the  outer  envelops 
fuse  when  the  eggs  are  in  contact. 

Fig.  3 Dead  female,  Hemidactylium  scutatum, 
posed  on  her  eggs.  The  eggs  are  here  considerably  more  scattered 
than  when  found.  The  basal  constriction,  gular  and  dorsal  folds 
are  evident. 
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Fig.  i Half-grown  specimen  of  H e m i d a c t y 1 i u m scutatum. 
exhibiting  in  its  proportions  and  coloration  some  of  the 
characters  ofP.  cinereus  and  indicating  the  close  relation  to 
and  derivation  from  Plethodon.  Actual  length,  30.4  mm. 

Fig.  2 Venter  of  specimen  (figure  1)  showing  aberrant  coloration. 
The  tendency  of  the  pigment  spots  to  coalesce,  as  here  indicated, 
would  if  carried  farther  entirely  obliterate  the  typical  coloration  of 
the  under  sides  and  give  the  uniform  appearance  found  in  P . 
cinereus. 

Fig.  3 Hemidactylium  regenerating  the  tail.  The  new  stub  is 
at  first  devoid  of  pigment  but  later  acquires  practically  normal 
coloration.  Actual  length  of  specimen,  22  mm. 
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Development  stages  of  Hemidactylium  s c u t a t u m 

Schlegel 

Fig.  i Medullary  folds  well  formed  but  nowhere  approximated. 
The  earliest  stage  of  development  observed  in  group  of  eggs  taken 
May  14th. 

Fig.  2 Embryo  defined  on  the  yolk.  Union  of  medullary  folds 
marked  by  median  depressed  line.  Same  date  as  specimen  in 
figure  1 but  much  more  advanced  in  development. 

Fig.  3 Segregation  of  tissue  giving  indication  of  position,  form 
and  extent  of  head,  gill  and  body  regions.  May  16th. 

Fig.  4 Limits  of  head  well  defined;  gill  region  with  large  growth 
of  tissue  preliminary  to  actual  development  of  gill  and  arm  buds. 
Embryo  folded  upon  itself.  May  19th. 

Fig.  5 Eyes  highly  pigmented;  gill  region  much  thickened  and 
expanded  laterally.  Three  primary  divisions  of  body  — head,  trunk 
and  tail  recognizable.  May  21st. 

Fig.  6 Embryo  slightly  more  advanced  than  that  in  figure  5. 
Tail  distinct  from  trunk  and  constriction  back  of  gill  region  more 
pronounced.  Reduction  of  yo.k  mass  evident  in  this  and  two 
preceding  stages.  May  25th. 
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Fig.  i Gill  and  arm  buds  indicated  by  lateral  depressions;  head 
and  tail  distinct.  Y oik  mass  confined  to  region  of  the  lower  abdomen. 
May  27th. 

Fig.  2 Three  gill  buds  on  right  side  separate,  two  on  left  side 
and  coalesced;  arm  buds  well  formed.  Pigment  in  irregularly 
shaped  flecks  confined  to  the  back  of  head,  trunk  and  tail.  Embryo 
active  within  the  gelatinous  envelops  of  egg.  Eyes  prominent  with 
pupils  well  developed.  June  2d.  Length  of  embryo  7.3  mm. 

Fig.  3 Marked  development  of  the  gills  with  indications  of 
fringes.  Body  compressed  back  of  the  head  and  yolk  confined  to 
anal  region  of  abdomen.  Color  pattern  developing  along  sides  of 
back  and  tail.  June  4th.  Length  9.4  mm. 

Fig.  4 Gills  completely  developed  and  functional;  hands  with 
three  fingers  and  legs  with  indications  of  developing  toes.  Color 
pattern  brilliant;  light  and  dark  grays  predominating  with  inter- 
spersed patches  of  yellowish  green  and  orange.  June  6th.  Length 
12.6  mm. 

Fig.  5 Larva  just  released  from  egg  envelops.  Body  and  tail 
compressed  and  from  above,  wedge-shaped.  Fingers  fully  developed ; 
toes  partly  so.  Larvae  in  this  stage  when  placed  in  water  swim 
freely.  June  12th.  Length  13.8  mm. 

Fig.  6 Reduction  of  gills  7 days  after  leaving  the  egg  in  larva 
reared  from  eggs  kept  in  damp  moss.  Larva  kept  in  moss  saturated 
with  water  retained  the  gills  fully  developed  for  24  days  (counting 
period  passed  in  egg),  then  died.  Adult  proportions  of  body  and 
limbs  being  acquired  in  this  stage.  June  19th.  Length  15  mm. 

Fig.  7 Detail  of  gill  at  height  of  development  showing  the  two 
rows  of  fringe.  Direction  of  flow  of  blood  indicated  by  arrows. 
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THE  MOUND  BUILDER  CULTURE  IN  NEW  YORK 


BY  ARTHUR  C.  PARKER,  ARCHEOLOGIST 

There  was  a time  when  western  New  York  was  regarded  as 
peculiarly  the  domain  of  a mysterious  pre-Indian  race  known  as 
the  “Mound  Builders.” 

Observers,  astonished  by  the  existence  of  earth  works  and  other 
prehistoric  tumuli,  wrote  elaborate ' descriptions  and  devoted  con- 
siderable space  to  more  or  less  melancholy  speculation.  The  term 
“ Mound  Builder  ” became  quite  as  romantically  wonderful  in  the 
new  world  as  did  that  of  Druid  in  the  old. 

The  mounds  and  earth  works  of  Ohio  early  .attracted  interest,  and 
especially  as  the  colonists  pushed  westward  and  cleared  new  land 
for  settlement  or  agriculture.  Thus  we  find  such  early  authorities 
as  Thomas  Jefferson,  Benjamin  Franklin,  President  Ezra  Stiles  of 
Yale  and  Noah  Webster  advancing  theories  about  the  builders  of 
the  mounds.  The  first  extended  discussion  on  the  subject  was 
written  by  Dr  Benjamin  S.  Barton,  who  in  1797  published  his  work 
on  “ New  Views  on  the  Origin  of  the  Tribes  in  America.”  In  this 
work  he  advanced  the  theory  that  the  mounds  were  not  built  by 
Indians  but  by  “A  people  of  higher  cultivation,  with  established 
law  and  order  and  a well- disciplined  police.”  Doctor  Barton  seems 
to  have  been  the  first  writer  to  advance  the  notion  of  a “ lost  race.” 

Soon  after  Doctor  Barton’s  book  appeared  two  other  writers 
discussed  the  subject,  Bishop  Madison  of  Virginia  and  the  Rev. 
T.  M.  Harris  of  Massachusetts.  Harris  thought  the  mounds  proved 
their  builders  were  of  superior  skill  and  of  higher  civilizations,  but 
Doctor  Madison,  who  had  traveled  widely  and  studied  the  mounds 
and  their  antiquities,  saw  nothing  in  the  evidence  to  convince  him 
that  the  mounds  were  not  the  product  of  the  Indians.  Each  of 
these  observers  was  a pioneer  of  different  schools  of  belief,  but  for 
more  than  half  a century  those  who  believed  in  “a  lost  race  of  civi- 
lized men  whom  the  Indians  displaced  or  annihilated  ’ ’ controlled 
public  opinion  on  the  subject.  Even  today  there  are  many  who 
puzzle  over  the  “mysterious  race  now  departed.”  J.  P.  McLean, 
for  example,  who  in  1879  published  his  book  on  “The  Mound 
Builders”  commenced  his  first  chapter  thus;  “An  ancient  race, 
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entirely  distinct  from  the  Indian,  possessing  a certain  degree  of 
civilization,  once  inhabited  the  central  portion  of  the  United  States.” 

In  his  preface  he  sums  up  the  popular  idea  in  the  following:  “ The 
mystery  surrounding  these  lost  people  creates  a fascination  which 
is  greatly  increased  in  the  mind  of  the  student  of  nature  as  he  lingers 
among  the  ruins  which  invite  his  attention  and  rivet  his  eye. 
Standing  upon  one  of  the  monuments  the  lover  of  the  mysterious 
will  lose  himself  in  meditation.  . . . ” 

Besides  the  many  local  antiquarians  and  historians  in  New  York 
such  men  as  Henry  Schoolcraft,  E.  C.  Squier,  Dr  E.  H.  Davis, 
Franklin  B.  Hough,  T.  Apoleon  Cheney  and  Dr  Frederick  Larkin 
described,  surveyed  and  speculated  upon  the  earth  works  of  New 
York. 

Wonderful  things  are  ascribed  to  this  ancient  race,  which  is 
described  by  the  early  writers  as  highly  civilized,  as  making  imple- 
ments better  than  the  Indians  possibly  could  and  as  erecting  earth 
works  that  proved  them  quite  familiar  with  geometry.  One  writer 
even  pretends  to  have  discovered  how  the  mounds  were  erected. 
He  claimed  to  have  found  a copper  tablet  having  engraved  upcn  it 
a mastodon  in  harness.1  This  is  said  to  have  been  sent  to  the 
Smithsonian  Institution  but  it  seems  never  to  have  reached  that 
place. 

Archeologists  who  have  spent  many  years  in  excavating  mounds 
and  who  have  studied  the  problem  of  the  mounds  and  the  builders 
of  the  mounds  have  discovered  many  facts  that  prove  the  fallacy 
of  the  old  fancies  concerning  them.  Among  those  who  have  explored, 
observed  and  written  in  the  modern  methodological  way  are  Cyrus 
Thomas  of  the  Smithsonian  Institution,  William  H.  Holmes,  Lucien 
Carr,  F.  W.  Putnam  of  Harvard,  William  O.  Mills  of  Ohio  State 
University,  Warren  K.  Moorehead  of  Andover  and  Clarence  B. 
Moore.  Many  other  investigators  have  studied  the  question  in  the 
field  and  after  extended  scientific  observations  and  by  careful  com- 
parison have  drawn  their  conclusions.  From  a lengthy  consideration 
of  a wide  range  of  facts  we  now  are  warranted  in  believing  the  fol- 
lowing facts  fully  established : 

1 The  builders  of  the  mounds  were  Indians  of  certain  tribes  whose 
descendants  still  live. 

2 The  aboriginal  artifacts  found  in  the  mounds  were  made  by 
Indians  and  no  native  object  found  in  the  mounds  differs  from 

1 Larkin,  Frederick,  in  “Ancient  Man  in  America.”  Randolph,  N.  Y.  1888  * 
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objects  that  Indians  at  the  time  of  the  discovery  made,  or  were  able 
to  make. 

3 Many  true  mounds  of  considerable  size  are  not  very  old  but 
contain  in  inclusive  deposits  objects  acquired  after  the  coming  of 
the  Europeans. 

4 Early  explorers  saw  mounds  in  the  course  of  erection.  They 
have  preserved  accounts  taken  from  the  Indians  explaining  why  and 
how  the  mounds  were  erected. 

5 The  mounds  were  not  all  erected  by  the  same  tribe,  but  by 
different  tribes  according  to  locality. 

6 The  links  connecting  the  Indians  with  the  Mound  Builders  are 
so  firmly  established  by  historic  and  archeologic  evidence  that 
archeologists  now  know  them  to  have  been  one  and  the  same  people. 

7 All  these  conclusions  with  others  are  sustained  by  the  explora- 
tions conducted  by  trained  observers  employed  by  scientific  institu- 
tions. The  best  summary  of  results  is  contained  in  the  Twelfth 
Annual  Report  of  the  Bureau  of  Ethnology,  a department  of  the 
Smithsonian  Institution. 

The  earth  works  of  aboriginal  origin  in  New  York  are  broadly 
divisible  into  two  classes:  first,  walled  and  trenched  inclosures; 
second,  mounds. 

With  very  few  exceptions  all  the  fortifications  or  walled  inclosures 
in  New  York  may  be  ascribed  to  the  later  Algonkian  or  Iroquoian 
tribes.  These  earth  works  outline  retreats  or  strongholds,  and  the 
earthen  walls  were  the  bases  for  stockades.  In  no  sense  are  these 
banks  and  earth  walls  to  be  regarded  as.  mounds.  None  of  them 
was  erected  by  Mound  Builders  unless  we  include  the  Iroquoian 
tribes  as  mound  building  Indians,  since  the  Iroquois  did  occasionally 
build  low  mounds. 

In  New  York  the  mound  builder  culture  is  not  always  coincident 
with  the  presence  of  mounds.  Scattered  relics  of  this  culture  in 
the  form  of  monitor  pipes,  gorgets,  banner  stones,  stone  tubes  and 
even  isolated  burials  and  stone  graves  indicate  their  one-time 
presence  or  cultural  influence  of  the  “ mound  building  ” Indians. 

For  the  purposes  of.  our  analysis  it  is  our  intention  to  treat  the 
mounds  of  New  York  as  one  phase  of  an  ethnic  culture.  We  are 
enabled  by  this  method  to  treat  other  evidences  of  that  culture 
without  necessarily  confining  our  descriptions  and  facts  to  an  imme- 
diate association  with  mounds,  though  we  take  our  datum  from  them. 

It  is  not  easy  to  define  the  boundaries  of  this  culture  because  the 
implements  and  ornaments  that  it  produced  in  many  respects  are 
similar  to  some  of  those  made  by  both  the  Algonkian  and  Iroquoian 
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peoples  in  New  York  and  the  adjacent  territory,  but  an  examination 
of  the  mounds  in  the  western  portion  of  the  State  gives  us  certain 
facts  upon  which  to  base  our  observations.  Even  in  a larger  way 
the  Ohio  mounds  afford  us  a basis  for  comparison. 

New  York  mounds  and  the  occupied  sites  contiguous  to  them, 
particularly  those  in  Cattaraugus,  Chautauqua,  Erie  and  Livingston 
counties,  indicate  that  the  people  of  the  mound  culture  used  (i)  plat- 
form pipes,  (2)  grooved  axes,  (3)  celts,  (4)  adzes,  (5)  gouges, 
(6)  gorgets,  (7)  banner  stones,  (8)  boat  stones,  (9)  birdstones, 
(10)  stone  tubes  of  several  varieties,  (11)  native  copper  implements 
and  ornaments  such  as  chisels,  celts,  spear  and  arrow  heads,  beads, 
ear  ornaments,  etc.,  (12)  numerous  flint  drills  or  perforators, 
(13)  shell  beads,  (14)  pearl  beads,  (15)  mica  ornaments,  (16)  bone 
and  antler  implements,  (17)  notched  and  triangular  arrow  and  spear 
heads,  (18)  flints  (made  in  many  instances  of  the  Flint  Ridge 
material),  (19)  made  pottery,  (20)  used  discoid  stones,  (21)  con- 
caved disks,  (22)  used  cylindrical  and  bell  pestles,  (23)  were  a 
village  dwelling  people,  (24)  were  cultivators  of  corn,  tobacco 
and  other  plants,  (25)  that  they  buried  in  small  mounds. 

The  evidences  of  the  mound  culture  are  more  numerous  in  extreme 
western  New  York  than  east  of  the  Genesee  river.  The  culture 
seems  to  have  entered  the  State  along  the  shores  of  Lake  Erie  and 
up  from  the  Alleghany  river.  Chautauqua,  Erie  and  Cattaraugus 
counties  thus  contain  a larger  number  of  mounds  than  do  other 
portions  of  the  State,  though  certain  other  sections,  as  the  Genesee 
valley,  have  yielded  relics  in  abundance. 

The  regions  showing  the  greatest  influence  of  the  mound  culture 
are  (1)  the  south  shore  of  Lake  Erie  from  Westfield  to  the  mouth 
of  Cattaraugus  creek,  (2)  the  valley  and  terraces  of  the  Cattaraugus 
to  Gowanda,  (3)  the  Alleghany  valley,  (4)  the  valley  of  Chautauqua 
lake  and  the  Chadekoin  river,  (5)  the  Connewango  valley,  (6)  the 
Cassadaga  valley,  (7)  Clear  Creek  valley,  (8)  the  valley  of  Buffalo 
creek,  (9)  the  valley  of  Tonawanda  creek  eastward  to  the  overland 
trails  to  the  Genesee  (10)  eastward  along  the  Alleghany  valley  from 
Bradford  northward  along  the  tributaries,  thence  overland  to  the 
Genesee  valley,  (11)  the  Genesee  valley  from  Portageville  to  the 
mouth  of  the  river,  (12)  Irondequoit  creek,  (13)  Canandaigua  Lake 
valley,  (14)  the  region  of  the  Finger  Lakes,  to  the  Seneca  river, 
(15)  the  valley  of  the  Seneca  river,  (16)  southward  and  about  the 
southern  shores  of  Oneida  lake,  (17)  scattering  relics  along  the 
Oswego  river,  (18)  Jefferson  county  along  the  shores  of  Ontario  and 
the  lower  waters  of  the  neighboring  creeks,  (19)  the  St  Lawrence 


REPORT  OF  THE  DIRECTOR  1918 


287 


valley,  (20)  south  of  the  Finger  Lakes,  especially  along  the  head 
streams  of  the  Susquehanna  and  of  the  Delaware  are  scattering 
relics,  (21)  portions  of  the  Hudson  valley,  as  near  Athens. 

Mound  Culture  Sites 

Mounds  in  New  York  have  had  no  systematic  examinations 
despite  the  large  amount  of  work  done  by  amateurs  in  excavating 
them.  It  is  safe  to  say  that  the  possibility  of  making  a methodo- 
logical examination  is  now  reduced  by  two-thirds,  through  the 
vandalism  of  inexperienced  relic  hunters.  Many  mounds  have  been 
scraped  down  merely  to  level  the  ground  and  others  have  been 
scraped  into  by  spade  and  horse  scraper  to  find  what  “valuables” 
they  might  contain.  Few  records  have  been  kept  and  not  all  that 
have  been  made  are  reliable.  Some  of  the  older  antiquarians  seem 
to  have  been  highly  imaginative.  An  examination  of  the  most 
reliable  records . available  to  us  makes  possible  the  descriptions  of 
the  typical  mound  culture  sites  given  below : 

1 Mound  on  a terrace  above  the  Connewango  valley  at  Poland 
Center,  Chautauqua  county.  This  mound  was  first  described  by 
T.  Apoleon  Cheney  in  the  Report  of  the  State  Cabinet  of  Natural 
History  (18th  Report)  for  i860. 

When  examined  in  1905  the  mound  appeared  to  have  been  con- 
siderably demolished  by  excavations,  but  in  size  it  still  remained 
the  highest  of  which  we  have  any  knowledge  within  the  State.  It 
stands  several  rods  back  from  the  edge  of  the  terrace  and  amid  the 
gloom  of  a thick  forest  growth.  It  still  stands  9 or  10  feet  in  height 
and  with  a diameter  of  about  64  feet.  There  seem  to  be  the  remains 
of  an  outer  wall  and  trench  surrounding  the  mound,  but  the  debris 
from  excavations,  the  deep  leaf  mould  and  fallen  trees  make  this 
difficult  to  determine.  Some  fragments  of  notched  flints  are  to 
be  found  in  the  soil  about  the  mound  and  it  seems  to  be  set  in  what 
was  once  a village  site,  but  on  account  of  the  character  of  the  ground 
this  is  not  easy  to  establish.  Certain  it  is,  however,  that  the  flat 
land  immediately  below  the  terrace  shows  signs  of  occupation. 
Numerous  celts,  notched  spears,  soapstone  pipe  fragments,  a beauti- 
fully formed  stone  tube  and  several  gorgets  have  been  found.  The 
culture  represented  seems  similar  to  that  of  the  Ohio  mound  area. 

It  is  interesting  to  note  that  Cheney  claims  that  eight  skeletons 
buried  in  a “ sitting  posture  ” were  excavated  from  this  mound. 

Cheney’s  report  on  this  site  in  part  is  as  follows : 

“The  mound  indeed,  from  the  peculiar  form  of  its  construction, 
as  well  as  from  the  character  of  its  contents,  has  much  resemblance 
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to  the  barrows  of  the  earliest  Celtic  origin,  in  the  Old  World.  In 
making  an  excavation,  eight  skeletons,  buried  in  a sitting  position 
and  at  regular  intervals  of  space,  so  as  to  form  a circle  within  the 
mound,  were  disinterred.  Some  slight  appearance  yet  existed  to 
show  that  a framework  had  inclosed  the  dead  at  the  time  of  inter- 
ment. These  osteological  remains  were  of  very  large  size,  but  were 
so  much  decomposed  that  they  mostly  crumbled  to  dust.  The 
relics  of  art  here  disclosed,  were  also  of  a peculiar  and  interesting 
character  — amulets,  chisels  &c.,  of  elaborate  workmanship  — 
resembling  the  Mexican  and  Peruvian  antiquities.” 

2 Burial  mound  on  the  south  bank  of  the  Cattaraugus  creek  in 
Chautauqua  county,  near  Little  Indian  creek.  This  is  just  above 
the  Gold  diggings  in  Indian  Mill  gulf.  The  mound  is  low,  not  more 
than  4 or  5 feet  in  height,  though  it  shows  evidence  of  having  been 
plowed  considerably. 

It  is  about  30  feet  in  diameter.  The  fields  about  this  mound 
show  evidence  of  early  occupancy,  notched  points  of  flint  and 
chalcedony  have  been  found.  Several  skeletons  have  been  taken 
from  the  mound  and  E.  R.  Burmaster  in  1914  sent  the  State  Museum 
a fine  skull  from  it.  Accompanying  relics  are  recorded  to  be  four 
notched  spears  or  knives,  a copper  chisel  and  a knobbed  end  lunate 
banner  stone. 

The  mcund  stands  on  the  edge  of  the  bluff  and  a portion  has 
fallen  over.  Almost  exactly  north  and  across  the  Cattaraugus  on 
the  opposite  and  corresponding  terrace  are  two  other  mounds. 
They  are  reached  from  the  horseshoe  bend  of  the  Irving  road  by 
taking  the  road  up  the  hill  at  this  point.  Doctor  Benedict  of  Buffalo 
made  some  excavations  here  during  1901.  The  ground  about  the 
mound  is  strewn  with  flint  chippings  and  a number  of  arrow  points, 
celts  and  a pestle  have  been  found.  The  excavation  from  which 
the  earth  was  taken  for  building  the  mound  is  still  visible  to  the 
north. 

3 Near  the  mouth  of  the  Cattaraugus  on  the  north  side  are  several 
large  sites  each  covering  from  50  to  100  acres.  Several  occupations 
are  apparent,  but  the  influence  of  the  mound  culture  is  plainly 
evident.  On  the  site  nearest  the  mouth  of  the  creek  was  a mound 
since  removed  by  the  local  sand  company.  It  contained  skeletons 
and  portions  of  a Buffalo  skull. 

The  adjacent  village  site  has  yielded  innumerable  notched  sinkers, 
several  bird  stones,  banner  stones,  celts,  gouges,  grooved  and  notched 
axes.  Several  broken  monitor  pipes,  one  complete  form  and  one 
clay  pipe  and  several  fragments  of  thick  cord  stamped  pottery  were 
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found  by  Mr  Burmaster.  Chipped  flints  are  numerous.  The  forms 
are  notched  arrow  points  of  several  types,  scrapers,  drills,  spears 
and  knives.  Long  flakes  of  chalcedony  and  jasper  are  also 
found. 

4 A mound  on  a hilltop  near  Napoli,  Cattaraugus  county,  had 
within  it  a stoned-up  vault.  Some  of  the  flat  stones  yet  remain 
but  the  mound  has  been  nearly  destroyed.  Several  gorgets,  spears 
and  celts  were  found  within  the  vault  by  Dr  Frederick  Larkin  early 
in  the  seventies  of  the  last  century.  Doctor  Larkin  described  the 
mound  to  me  in  1905.  He  found  human  remains  in  the  vault. 

5 A mound  burial  near  Tonawanda  creek  excavated  by  Jacob 
Doctor  contained  a banner  stone,  a birdstone,  a bar  amulet  and 
two  gorgets.  The  mound  is  about  4 feet  high,  25  feet  in  diameter 
and  situated  on  a gentle  slope  on  the  Tonawanda  reservation,  near 
Indian  Falls,  Genesee  county.  The  neighboring  fields  yield  numerous 
notched  flint  spear  heads  and  arrow  points. 

6 An  isolated  burial  near  Athens,  Green  county,  and  near  the 
Hudson  contained  a pendant  gorget,  more  than  one  hundred  native 
copper  beads,  globular  shell  beads  and  pendant  columella. 

7 On  the  John  F.  White  estate  at  Squawkie  Hill,  Mount  Morris, 
are  three  low  mounds.  All  contain  graves,  boxed  by  stone  slabs, 
the  upper  edges  of  which  projected  above  the  surface  of  the  ground. 
These  graves  contained  two  highly  polished  and  finely  formed 
monitor  pipes,  many  fresh-water  pearls,  two  copper  chisels,  a copper 
double  cymbal  ear  ornament  held  by  hollow  copper  rivets,  two 
gorgets,  two  celts  and  several  finely  chipped  notched  spears  or 
knives.  In  the  fields  about  the  mounds  have  been  found  numerous 
flints,  many  celts  and  several  grooved  axes,  cylindrical  and  bell 
pestles,  notched  choppers,  broken  and  complete  monitor  pipes,  and 
one  stone  pipe  bowl.  There  are  numerous  other  objects,  as  broken 
implements,  hammer  stones,  anvils  and  notched  sinkers. 

8 vSeveral  graves  have  been  found  in  a gravel  bank  near  Vine 
Valley  on  Canandaigua  lake.  None  of  the  graves  was  opened  by 
experts  and  hence  there  was  not  opportunity  for  close  observation. 
The  specimens  found  in  the  graves,  however,  are  of  exceptional 
interest.  From  one  grave  was  taken  a large  tablet  gorget,  a copper 
chisel  blade,  a segment  of  a mastodon  ivory  dagger,  an  antler’s  awl, 
a pendant  gorget  of  bone,  a bar  amulet,  a broken  bar  amulet  and 
two  stone  tubes.  From  another  grave  was  taken  a stone  tube,  two 
long  strings  of  shell  beads,  and  a chipped  knife,  10  inches  in  length. 
Fragments  of  a large  cord  marked  pottery  jar  were  found  similar 
to  the  Irving  pottery  found  by  Mr  Burmaster. 
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Most  of  the  objects  above  described  are  in  the  New  York  State 
Museum  collections,  though  Mr  John  F.  White  has  most  of  the 
Mount  Morris  material.  Unfortunately  the  finding  of  the  skeletons 
in  mounds  and  on  mound  sites  in  New  York  is  usually  done  by 
those  who  fail  to  observe  the  relation  of  the  specimens  to  the  skeleton. 
At  other  times  the  skeleton  is  far  too  greatly  decayed  to  permit 
any  knowledge  of  the  relative  position  of  the  object,  and  therefore 
a proper  conjecture  as  to  the  use  of  the  so-called  problematical  forms. 

We  are  able  to  state,  however,  that  some  of  these  burials  would 
be  considered  ordinary  in  Ohio.  The  pottery  resembles  Ohio  mound 
pottery,  though  no  complete  vessels  have  been  found.  The  culture 
is  plainly  derived  from  the  Ohio  region  and  southward.  Numerous 
sites  along  the  central  Finger  Lakes  and  along  the  Seneca  river  have 
yielded  an  abundance  of  polished  slates  similar  to  Ohio,  Indiana, 
Michigan  and  other  sections  in  the  mound  area.  The  region  about 
Oneida  lake  is  especially  rich.  One  site  near  Brewerton  has  yielded 
more  than  twenty  copper  objects,  many  gorgets  and  several  banner 
stones.  Mr  Bigelow,  who  had  a collection  embracing  more  than 
ten  thousand  articles  (now  in  the  State  Museum),  had  numerous 
polished  slates  from  this  vicinity. 

If  we  are  to  trace  the  route  taken  by  the  people  of  the  mound 
culture  we  should  follow  both  the  lake  shore  of  Erie  and  the  valley 
of  the  Alleghany.  Perhaps  the  north  shore  of  Lake  Erie  was  also 
a route  for  we  find  abundance  of  polished  slates  in  the  sites  upon 
which  the  Huron  and  the  Neutrals  and  the  Iroquois  later  intruded. 
The  southernmost  division  in  New  York,  we  would  say,  dwelt  about 
the  Chautauqua  lake  and  the  valley  of  the  Alleghany,  with  its 
tributaries.  We  thus  find  true  mounds  in  Chautauqua,  Cattaraugus 
and  Erie  counties.  The  southern  bands  along  the  Alleghany  and 
the  Cattaraugus  perhaps  found  a portage  or  a short  overland  trail 
to  the  upper  waters  of  the  Genesee,  and  the  more  northerly  along 
the  Tonawanda  creek  to  the  lower  Genesee.  The  Genesee  valley 
throughout  most  of  its  length  is  rich  in  artifacts  of  this  culture, 
and  the  routes  we  have  pointed  out  pass  over  and  through  sites 
where  such  objects  have  been  found. 

Apparently  the  presence  of  mounds  and  the  artifacts  of  the  mound 
culture  represent  the  expansion  of  the  parent  culture  beyond  the 
limits  of  its  home.  Whether  this  was  due  to  simple  migratory 
movements,  to  exploring  bands,  to  expatriated  tribesmen  or  the 
pressure  of  warring  enemies  it  is  difficult  to  state.  Perhaps  all 
these  factors  contributed  to  the  expansion  of  the  mound  culture. 
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European  articles  have  not  been  found  in  undisturbed  mounds  or 
sites  of  this  culture  in  New  York.  There  are,  it  is  true,  occasional 
intrusive  burials  in  these  sites,  but  all  of  them  appear  to  be 
precolonial  and  pre-Iroquoian.  Whether  some  of  them  were  contem- 
poraneous with  an  Algonkian  culture  is  another  problem.  The 
weight  of  evidence  seems  to  be  that  this  is  the  case.  Certainly  the 
material  culture  of  the  eastern  Algonkians  seems  to  have  been 
considerably  modified  by  this  culture,  just  as  the  later  New  England 
tribes  were  modified  by  the  Iroquois.  It  is  quite  possible,  therefore, 
that  the  mound  culture  people  intruded  into  the  hunting  grounds 
of  certain  Algonkian  bands  and  established  themselves. 

The  moundbuilding  people  seem  to  have  disappeared  from  New 
York  at  or  before  the  time  of  the  coming  of  the  Iroquois  into  their 
recognized  area  of  occupation.  We  can  not  be  entirely  sure,  how- 
ever, that  all  were  driven  out  or  exterminated.  A survey  of  the 
earliest  Iroquoian  sites,  especially  in  western  New  York,  leads  us 
to  believe  that  the  earliest  Iroquoian  immigrants  were  measurably 
influenced  by  the  moundbuilding  culture.  This  is  so  appreciable 
that  one  is  led  to  consider  two  propositions  as  within  the  bounds 
of  possibility:  first,  that  the  Iroquois  were  originally  a part  of  the 
mound  building  peoples  who  had  separated  themselves  from  the 
main  cultural  body;  second,  that  the  Iroquois  in  entering  this  region 
absorbed  large  numbers  of  the  mound  building  people  and  adopted 
certain  of  their  culture  traits  and  rejected  others;  third*  that  the 
early  Iroquois  were  merely  influenced  at  their  early  entrance  by 
the  mound  culture. 

Our  present  knowledge  would  lead  us  to  conjecture  that  the 
Iroquoian  hoardes  pushing  up  the  Ohio  came  into  conflict  with  the 
mound  people  and  finally  overcame  them.  We  may  then  inquire 
whether  or  not  the  Catawba,  Tutelo  and  Saponi  do  not  represent 
the  survivors  of  these  vanquished  peoples.  We  also  pause  to  com- 
pare certain  artifacts  of  the  Muskoge  and  early  Cherokee  with 
mound  objects,  as  the  platform  pipe.  The  earlier  Iroquois  sites 
frequently  yield,  especially  in  the  graves,  objects  similar  to  those 
found  in  the  mounds,  but  not  gorgets,  birdstones  or  related  forms. 
To  be  explicit,  the  points  of  similarity  between  certain  Iroquois  forms 
and  mound  area  forms,  as  between  those  of  Ripley,  N.  Y.,  and 
Madisonville,  Ohio,  are  certain  pipes  and  certain  pottery  vessels. 
A prehistoric  Iroquois  site  at  Richmond  Mills,  N.  Y.,  known  as 
“The  Old  Indian  Fort”  has  yielded  metapodal  scrapers,  similar  in 
every  way  to  those  found  in  Ohio  mound  sites.  From  these  facts 
and  from  an  examination  of  the  entire  field  of  the  earlier  Iroquoian 
15 
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occupation  in  New  York  and  Ontario,  we  are  led  to  believe  that 
the  Huron-Iroquois  were  the  immediate  successors  of  the  mound 
building  people  in  this  area.  Our  belief  is  confirmed  by  the  abun- 
dance of  polished  slates  in  Ontario  in  close  proximity  to  the  later 
Huron-Neutral  sites.  This  fact  has  confused  some  archeologists, 
and  led  to  the  statement  that  the  polished  slates  are  Huron  or 
Neutral  artifacts,  but  the  graves  of  the  two  peoples  tell  different 
stories. 

The  Iroquois  once  established  culturally,  did  not  copy  mound 
artifacts.  Indeed,  they  seem  to  have  deliberately  avoided  the  use 
of  the  distinguishing  badges  of  their  vanquished  foes.  Just  as  the 
conquerors  of  the  first  mound  people  of  Ohio  beat  up  the  mica 
ornaments  and  hammered  into  shapeless  masses  the  copper  tools 
and  gorgets  of  their  despised  victims  so  did  the  Iroquois  taboo  or 
avoid  with  deliberateness,  the  banner  stone  and  the  gorget  and 
similar  artifacts  of  polished  slate.  And  do  not  even  civilized  peoples 
in  conflict,  renounce  academic  degrees  and  decorations  given  by 
enemies  when  amity  did  exist  ? 

Thus  we  may  account  for  the  difference  between  the  pottery, 
decorative  art,  implements  and  earth  works  of  the  Iroquois  and 
their  predecessors.  This  difference  likewise  makes  it  possible  for  us 
to  define  the  polished  slate  area  and  fix  the  limits  of  the  Iroquoian. 

One  final  and  important  observation  remains  to  be  made  concern- 
ing the  similarity  of  the  mound-building  people  with  the  Iroquois. 
The  mound-builder  and  the  Iroquoian  culture  areas  adjoin  and 
overlap.  These  two  areas  are  characterized  by  the  highest  artistic 
development  in  America  north  of  Mexico,  excluding  perhaps  the 
northwest  coast  and  the  Pueblo  areas.  The  pipes  of  the  mound- 
builders  carved  with  effigies  of  animate  forms  are  beautiful  specimens 
of  aboriginal  art.  Many  of  the  carvings  are  realistic.  In  the 
adjoining  Iroquoian  area,  later  in  its  development  we  find  another 
sort  of  smoking  pipe  modeled  from  clay.  On  many  of  these  pipes 
are  modeled  forms  of  birds,  animals  and  human  figures  and  faces. 
The  point  of  essential  difference  between  the  pipe  art  of  the  mound 
building  Indians  and  the  Iroquois  is  that  the  former  employed  stone 
and  the  latter  clay.  One  carved  and  the  other  modeled,  but  each 
produced  the  finest  types  of  pipes  of  their  kind  and  each  demonstrated 
a fine  capacity  for  imitating  zoomorphic  forms.  There  is  a kinship 
in  this  artistic  feeling  that  speaks  perhaps  of  mere  contact  and 
perhaps  of  the  closer  ties  of  blood. 


REPORT  OF  THE  DIRECTOR  1918 


293 


New  York  State  Museum 

John  M.  Clarke,  Director 

PUBLICATIONS 

Packages  will  be  sent  prepaid  except  when  distance  or  weight  renders  the 
same  impracticable.  On  10  or  more  copies  of  any  one  bulletin  20%  discount 
will  be  given.  Editions  printed  are  only  large  enough  to  meet  special  claims  and 
probable  sales.  When  the  sale  copies  are  exhausted  the  price  for  the  few  reserve 
copies  is  advanced  to  that  charged  by  secondhand  booksellers,  in  order  to  limit 
their  distribution  to  cases  of  special  need.  Such  prices  are  inclosed  in  [ ] . All 

publications  are  in  paper  covers,  unless  binding  is  specified.  Checks  or  money 
orders  should  be  addressed  and  payable  to  The  University  of  the  State  of  New 
York.  # _ . 

Museum  annual  reports  1847-date.  All  in  print  to  1894,  50c  a volume,  75c  in 
cloth;  1894 -date,  sold  in  sets  only;  75c  each  for  octavo  volumes;  price  of  quarto 
volumes  on  application. 


These  reports  are  made  up  of  the  reports  of  the  Director,  Geologist,  Paleontologist,  Botanist 
and  Entomologist,  and  museum  bulletins  and  memoirs,  issued  as  advance  sections  of  the  reports 


Director’s  annual  reports  1904-date. 

1904.  138P.  20c. 

1905.  I02p.  23pl.  30C. 

1906.  i86p.  4ipl-  25c. 

1907.  (Bui.  121)  2 1 2p.  63pl.  50c. 

1908.  (Bui.  133)  234P.  39pl.  map.  40c. 

1909.  (Bui.  140)  230p.  4ipl.  2 maps,  4 charts. 
Out  of  print 

1910.  (Bui.  149)  28op.  il.  42pl.  50c. 


1911.  (Bui.  158)  218  p.  49pl.  50c. 

1912.  (Bui.  164)  214P.  5opl.  50c. 

1913.  (Bui.  173)  I58p.  il.  29pl.  40c. 

1914-  (Bui.  177)  I74P-  il-  33pl-  45c. 

1915.  (Bui.  187)  I92p.  il.  S8pl.  S maps.  50c. 

1916.  (Bui.  196)  308p.  il.  5opl.  maps.  55c. 

1917.  (Bui.  207,  208)  2 1 ip.  il.  maps.  75c. 

1918.  (Bui.  219,  220)  3 1 op.  il.  maps. 
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These  reports  cover  the  reports  of  the  State  Geologist  and  of  the  State  Paleontologist, 
also  with  the  museum  reports  of  which  they  form  a part. 


Geologist’s  annual  reports  1881-date.  Rep'ts  1,  3-13,  17-date,  8vo;  2,  14-16, 
4to. 

In  1898  the  paleontologic  work  of  the  State  was  made  distinct  from  the  geologic  and  was  reported 
separately  from  1899-1903.  The  two  departments  were  reunited  in  1904,  and  are  now  reported 
in  the  Director’s  report. 

The  annual  reports  of  the  original  Natural  History  Survey,  1837-41,  are  out  of  print. 

Reports  1-4,  1881-84,  were  published  only  in  separate  form.  Of  the  5th  report  4 pages  were 
reprinted  in  the  39th  museum  report,  and  a supplement  to  the  6th  report  was  included  in  the 
40th  museum  report.  The  7th  and  subsequent  reports  are  included  in  the  41st  and  following 
museum  reports,  except  that  certain  lithographic  plates  in  the  nth  report  (1891)  and  13th  (1893) 
are  omitted  from  the  45th  and  47th  museum  reports. 

Separate  volumes  of  the  following  only  are  available. 


Report 

Price 

Report 

Price 

Report 

Price 

12  (1892) 

$.50 

17 

S.75 

21 

$.40 

14 

• 75 

18 

• 75 

22 

.40 

15,  2V . 

2 

19 

.40 

23 

• 45 

16 

1 

20 

• 50 

[See  Director’s  annual  re 

Paleontologist’s  annual  reports  1899 -date. 

See  first  note  under  Geologist’s  annual  reports. 


Bound  also  with  museum  reports  of  which  they  form  a part.  Reports  for  1899  and  1900  may 
be  had  for  20c  each.  Those  for  1901-3  were  issued  as  bulletins.  In  1904  combined  with  the 
Director's  report. 


Entomologist’s  annual  reports  on  the  injurious  and  other  insects  of  the  State 
of  New  York  1882-date. 


Reports  3-20  bound  also  with  museum  reports  40-46,  48-58  of  which  they  form  a part.  Since 
1898  these  reports  have  been  issued  as  bulletins.  Reports  3-4,  17  are  out  of  print,  other  reports 
with  prices  are: 


Report 

Price 

Report 

Price 

Report 

Price 

1 

$1 

13 

Out  of  print 

24  (Bui.  134) 

25  ( “ 141) 

$35 

2 

.30 

14  (Bui. 

23)  $ 

. 20 

• 35 

5 

.25 

15  ( 

3i) 

• 15 

26  ( “ 147) 

• 35 

6 

.15 

16  ( 

36) 

.25 

27  ( “ 155) 

.40 

7 

.20 

18  ( 

64) 

. 20 

28  ( “ 165) 

.40 

8 

.25 

19  ( 

76) 

.15 

29  ( “ 175) 

out  of  print 

9 

.25 

20  ( 

97) 

.40 

30  ( “ 180) 

.50 

10 

.35 

21  l 

104)  . 

25 

31  ( “ 186) 

• 35 

11 

.25 

22  ( 

no) 

25 

32  ( “ 198) 

.40 

12 

.25 

23  ( 

124)  . 

75 

33  ( “ 202) 

• 35 

Reports  2,  8-12  may  also  be  obtained  bound  in  cloth  at  25c  each  in  addition  to  the  price  given 
above. 
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Botanist’s  annual  reports  1867-date. 

Bound  also  with  museum  reports  21-date  of  which  they  form  a part;  the  first  Botanist’s  report 
appeared  in  the  21st  museum  report  and  is  numbered  21.  Reports  21-24,  29.  31-41  were  not 
published  separately. 

Separate  reports  for  1871-74,  1876,  1888-98  are  out  of  print.  Report  for  1899  may  be  had 
for  20c;  1900  for  50c.  Since  1901  these  reports  have  been  issued  as  bulletins. 

Descriptions  and  illustrations  of  edible,  poisonous  and  unwholesome  fungi  of  New  York  have 
also  been  published  in  volumes  1 and  3 of  the  48th  (1894)  museum  report  and  in  volume  1 of  the 
49th  (1895),  5ist  (1897),  52d  (1898),  54th  (1900),  55th  (1901),  in  volume  4 of  the  56th  (1902), 
in  volume  2 of  the  57th  (1903),  in  volume  4 of  the  58th  (1904),  in  volume  2 of  the  59th  (1905), 
in  volume  1 of  the  60th  (1906),  in  volume  2 of  the  61st  (1907),  62d  (1908),  63d  (1909),  64th  (19x0), 
65th  (19x1),  v.  2 of  the  66th  (1912)  reports.  The  descriptions  and  illustrations  of  edible  and 
unwholesome  species  contained  in  the  49th,  51st  and  52d  reports  have  been  revised  and  rearranged, 
and,  combined  with  others  more  recently  prepared,  constitute  Museum  Memoir  4. 


Museum  bulletins  1887- date.  8vo.  To  advance  subscribers , $2  a year , or  $1 
a year  for  division  (1)  geology,  economic  geology,  paleontology,  mineralogy 
50c  each  for  division  (2)  general  zoology,  archeology,  miscellaneous,  (3)  botany 
(4)  entomology. 


Bulletins  are  grouped  in  the  list  on  the  following  pages  according  to  divisions. 
The  divisions  to  which  bulletins  belong  are  as  follows: 


1 Zoology 

2 Botany 

3 Economic  Geology 

4 Mineralogy 

5 Entomology 

6 

7 Economic  Geology 

8 Botany 

9 Zoology 

10  Economic  Geology 

11 

12  “ 

13  Entomology 

14  Zoology 

15  Economic  Geology 

16  Archeology 

17  Economic  Geology 

18  Archeology 

19  Geology 

20  Entomology 

21  Geology 

22  Archeology 

23  Entomology 

24  ^ 

25  Botany 

26  Entomology 

27 

28  Botany 

29  Zoology 

30  Economic  Geology 

31  Entomology 

32  Archeology 

33  Zoology 

34  Geology 

35  Economic  Geology 

36  Entomology 

37 

38  Zoology 

39  Paleontology 

40  Zoology 

41  Archeology 

42  Geology 

43  Zoology  _ 

44  Economic  Geology 

45  Paleontology 

46  Entomology 

47 

48  Geology 

49  Paleontology 

50  Archeology 

51  Zoology 

52  Paleontology 

53  Entomology 

54  Botany 

55  Archeology 

56  Geology 

57  Entomology 

58  Mineralogy 


59  Entomology 

60  Zoology 

61  Economic  Geology 

62  Miscellaneous 

63  Geology 

64  Entomology 

65  Paleontology 

66  Miscellaneous 

67  Botany 

68  Entomology 

69  Paleontology 

70  Mineralogy 

71  Zoology 

72  Entomology 

73  Archeology 

74  Entomology 

75  Botany 

76  Entomology 

77  Geology 

78  Archeology 

79  Entomology 

80  Paleontology 

81  Geology 

82 

83 

84 

85  Economic  Geology 

86  Entomology 

87  Archeology 

88  Zoology 

89  Archeology 

90  Paleontology 

91  Zoology 

92  Paleontology 

93  Economic  Geology 

94  Botany 

95  Geology 

96 

97  Entomology 

98  Mineralogy 

99  Paleontology 

100  Economic  Geology 

10 1 Paleontology 

102  Economic  Geology 

103  Entomology 

104 

105  Botany 

106  Geology 

107  Geology  and  Paleontology 

108  Archeology 

109  Entomology 
no 

111  Geology 

1 12  Economic  Geology 

1 13  Archeology 

1 14  Geology 

115 

1 16  Botany 


1 17  Archeology 

1 18  Geology 

1 19  Economic  Geology 

120  “ “ 

1 2 1 Director’s  report  f or  1 907 

122  Botany 

123  Economic  Geology 

124  Entomology 

125  Archeology 

126  Geology 

127 

128  “ 

129  Entomology 

130  Zoology 

13 1 Botany 

132  Economic  Geology 

133  Director’s  report  for  1908 

134  Entomology 

135  Geology 

136  Entomology 

137  Geology 

138 

139  B<ptany 

140  Director’s  report  for  1909 

141  Entomology 

142  Economic  Geology 

143 

144  Archeology 

145  Geology 

146  “ 

147  Entomology 

148  Geology 

149  Director’s  report  for  19x0 

150  Botany 

15 1 Economic  Geology 

152  Geology 

153 

154 

155  Entomology 

156 

157  Botany 

158  Director's  report  for  1911 

159  Geology 

160 

16 1 Economic  Geology 

162  Geology 

163  Archeology 

164  Director’s  report  for  1912 

165  Entomology 

166  Economic  Geology 

167  Botany 

168  Geology 

169  “ 

170  “ 

171 

172  “ 

173  Director’s  report  for  1 9 1 3 

174  Economic  Geology 
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175  Entomology 

176  Botany 

177  Director’s  report  for  1914 

178  Economic  Geology 

179  Botany 

180  Entomology 

18 1 Economic  Geology 

182  Geology 

183  Geology 

184  Archeology 

185  Geology 

186  Entomology 

187  Director’s  report  f or  1 9 1 5 


188  Botany 

189  Geology 

190 

191 

192  “ 

193 

194  Entomology 

195  Geology 

196  Director’s  report  for  1916 

197  Botany 

198  Entomology 

199  Economic  Geology 

200  Entomology 


201  Economic  Geology 

202  Entomology 
203-204  Economic  Geology 
205-206  Botany 

207-208  Director’s  report  for 

1917 

209-210  Geology 
211-212  “ 

213-214  “ 

215-216  “ 

217-2x8  “ 

219-220  Director’s  report  for 

1918 


Bulletins  are  also  found  with  the  annual  reports  of  the  museum  as  follows: 


Bulletin 

Report 

Bulletin 

Report 

Bulletin 

Report 

Bulletin 

Report 

12-15 

48,  v.  1 

78 

57,  v.  2 

117 

60,  v.  3 

165-67 

66,  v.  2 

16,  17 

50,  v.  1 

79 

57,  v.  1,  pt  2 

118 

60,  v.  1 

168-70 

66,  v.  1 

18,  19 

5i,  v.  X 

80 

57,  v.  1,  pt  I 

58,  v.  3 

119-21 

61,  v.  1 

171-76 

67 

20-25 

52,  v.  1 

81,  82 

122 

61,  v.  2 

177-80 

68 

26-31 

53,  v.  1 

83,  84 

58,  v.  1 

123 

61,  v.  1 

181 

69,  v.  2 

32-34 

54,  v.  I 

85 

58,  v.  2 

124 

61,  v.  2 

182, 183 

69,  v.  1 

35,  36 

54,  v.  2 

86 

58,  v.  5 

125 

62,  v.  3 

184 

69,  v.  2 

37-44 

54,  v.  3 

87-89 

58,  v.  4 

126-28 

62,  v.  1 

185 

69,  v.  1 

45-48 

54,  v.  4 

90 

58,  v.  3 

129 

62,  v.  2 

186 

69,  v.  2 

49-54 

55 

9i 

58,  v.  4 

130 

62,  v.  3 

187 

69,  v.  1 

55 

56,  v.  4 

92 

58,  v.  3 

131.  132 

62,  v.  2 

188 

69,  v.  2 

56 

56,  v.  1 

93 

58,  v.  2 

133 

62,  v.  1 

189 

69,  v.  1 

57 

56,  v.  3 

94 

58,  v.  4 

134 

62,  v.  2 

190 

69,  v.  2 

58 

56,  v.  1 

95,  96 

58,  v.  1 

135 

63,  V.  I 

Memoir 

59,  60 

56,  v.  3 

97 

58,  v.  5 

136 

63,  V.  2 

v.  3,  and  50,  v.  2 

61 

56,  v.  1 

98,  99 

59,  v.  2 

137,  138 

63,  V.  I 

2 49, 

62 

56,  V.  4 

100 

59,  v.  I 

139 

63,  V.  2 

3,  4 

53,  v.  2 

63 

56,  v.  2 

IOI 

59,  v.  2 

140 

63,  V.  I 

5,  6 

57,  v.  3 

64 

56,  v.  3 

102 

59,  v.  I 

141-43 

63,  V.  2 

7 

57,  v.  4 

65 

56,  V.  2 

103-5 

59,  v.  2 

144 

64,  V,  2 

8,  pt  1 

59,  v.  3 

66,  67 

56,  V.  4 

106 

59,  v.  I 

145,  146 

64,  V.  I 

8,  pt  2 

59,  v.  4 

68 

56,  v.  3 

107 

60,  v.  2 

147,  148 

64,  V.  2 

9,  pt  1 

60,  v.  4 

69 

56,  v.  2 

108 

60,  v.  3 

149 

64,  V.  I 

9,  pt  2 

62,  v.  4 

70,  71 

57,  v.  I,  pt  I 

109,  no 

60,  v.  1 

150-54 

64,  V.  2 

xo 

60,  v.  5 

72 

57,  v.  1,  pt  2 

III 

60,  v.  2 

155-57 

65,  V.  6 

11 

61,  v.  3 

73 

57,  v.  2 

1 12 

60,  v.  1 

158-60 

65,  V.  I 

12,  pt  I 

63,  v.  3 

74 

57,  v.  i,  pt  2 

113 

60,  v.  3 

161 

65,  V.  2 

12,  pt  2 

66,  v.  3 

75 

57,  v.  2 

114 

60,  v.  1 

162 

65,  V.  I 

13 

63,  v.  4 

76 

57,  v.  1,  pt  2 

115 

60,  v.  2 

163 

66,  v.  2 

14,  V.  I 

65,  v.  3 

77 

57,  v.  1,  pt  I 

Il6 

60,  v.  1 

164 

66,  v.  1 

14,  V.  2 

65,  v.  4 

The  figures  at  the  beginning  of  each  entry  in  the  following  list  indicate  its  number  as  a museum 
bulletin. 

Geology  and  Paleontology.  14  Kemp,  J.  F.  Geology  of  Moriah  and  West- 
port  Townships,  Essex  Co.,  N.  Y.,  with  notes  on  the  iron  mines.  38p.  il. 
7pl.  2 maps.  Sept.  1895.  Free. 

19  Merrill,  F.  J.  H.  Guide  to  the  Study  of  the  Geological  Collections  of  the 
. New  York  State  Museum.  164P.  119  pi.  map.  Nov.  1898.  Out  of  print. 
21  Kemp,  J.  F.  Geology  of  the  Lake  Placid  Region.  24P.  ipl.  map.  Sept. 
1898.  Free. 

34  Cumings,  E.  R.  Lower  Silurian  System  of  Eastern  Montgomery  County; 
Prosser,  C.  S.  Notes  on  the  Stratigraphy  of  Mohawk  Valley  and  Saratoga 
County,  N.  Y.  74p.  I4pl.  map.  May  1900.  15c. 

39  Clarke,  J.  M.;  Simpson,  G.  B.  & Loomis,  F.  B.  Paleontologic  Papers  1. 
72p.  il.  i6pl.  Oct.  1900.  15c. 

Contents:  Clarke,  J.  M.  A Remarkable  Occurrence  of  Orthoceras  in  the  Oneonta  Beds  of 
the  Chenango  Valley,  N.  Y. 

• Paropsonema  cryptophya;  a Peculiar  Echinoderm  from  the  Intumescens-zone  (Portage 

Beds)  of  Western  New  York. 

■ — Dictyonine  Hexactinellid  Sponges  from  the  Upper  Devonic  of  New  York. 

— The  Water  Biscuit  of  Squaw  Island,  Canandaigua  Lake,  N.  Y. 

Simpson,  G.  B.  Preliminary  Descriptions  of  New  Genera  of  Paleozoic  Rugose  Corals. 

Loomis,  F.  B.  Siluric  Fungi  from  Western  New  York. 

42  Ruedemann,  Rudolf.  Hudson  River  Beds  near  Albany  and  Their  Taxo- 
nomic Equivalents.  n6p.  2pl.  map.  Apr.  1901.  25c. 

45  Grabau,  A.  W.  Geology  and  Paleontology  of  Niagara  Falls  and  Vicinity. 
286p.  il.  i8pl.  map.  Apr.  1901.  65c;  cloth,  90c. 

16 
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48  Woodworth,  J.  B.  Pleistocene  Geology  of  Nassau  County  and  Borough  of 
Queens.  58p.  il.  8pl.  map.  Dec.  1901.  Out  of  print. 

49  Ruedemann,  Rudolf;  Clarke,  J.  M.  & Wood,  Elvira.  Paleontologic  Papers 

2.  240P.  I3pl.  Dec.  1901.  Out  of  print. 

Contents:  Ruedemann,  Rudolf.  Trenton  Conglomerate  of  Rysedorph  Hill. 

Clarke,  J.  M.  Limestones  of  Central  and  Western  New  York  Interbedded  with  Bituminous 
Shales  of  the  Marcellus  Stage. 

Wood,  Elvira.  Marcellus  Limestones  of  Lancaster,  Erie  Co.,  N.  Y. 

Clarke,  J.  M.  New  Agelacrinites. 

Value  of  Amnigenia  as  an  Indicator  of  Fresh-water  Deposits  during  the  Devonic  of 

New  York,  Ireland  and  the  Rhineland. 

52  Clarke,  J.  M.  Report  of  the  State  Paleontologist  1901.  28op.  il.  iopl. 

map.  1 tab.  July  1902.  40c. 

56  Merrill,  F.  J.  H.  Description  of  the  State  Geologic  Map  of  1901,  42  p. 
2 maps,  tab.  Nov.  1902.  Free. 

63  Clarke,  J.  M.  & Luther,  D.  D.  Stratigraphy  of  Canandaigua  and  Naples 
Quadrangles.  78p.  map.  June  1904.  25c. 

65  Clarke,  J.  M.  Catalogue  of  Type  Specimens  of  Paleozoic  Fossils  in  the 
New  York  State  Museum.  848P.  May  1903.  $1.20,  cloth. 

69 Report  of  the  State  Paleontologist  1902.  464P.  52pl.  7 maps.  Nov. 

1903.  $1,  cloth. 

77  Cushing,  H.  P.  Geology  of  the  Vicinity  of  Little  Falls,  Herkimer  Co.  98p. 
il.  15  pi.  2 maps.  Jan.  1905.  30c. 

80  Clarke,  J.  M.  Report  of  the  State  Paleontologist  1903.  396p.  29pl. 

2 maps.  Feb.  1905.  85c,  cloth. 

81  Clarke,  J.  M.  & Luther,  D.  D.  Watkins  and  Elmira  Quadrangles.  32p. 

map.  Mar.  1905.  25c. 

82  Geologic  Map  of  the  Tully  Quadrangle.  40p.  map.  Apr.  1905.  20c. 

83  Woodworth,  J.  B.  Pleistocene  Geology  of  the  Mooers  Quadrangle.  62p. 
25pl.  map.  June  1905.  -25c. 

84.  Ancient  Water  Levels  of  the  Champlain  and  Hudson  Valleys.  2o6p. 

il.  upl.  18  maps.  July  1905.  45c. 

90  Ruedemann,  Rudolf.  Cephalopoda  of  Beekmantown  and  Chazy  Forma- 
tions of  Champlain  Basin.  224P.  il.  38pl.  May  1906.  75c,  cloth. 

92  Grabau,  A.  W.  Guide  to  the  Geology  and  Paleontology  of  the  Schoharie 
Region.  314P.  il.  26pl.  map.  Apr.  1906.  75c,  cloth. 

95  Cushing,  H.  P.  Geology  of  the  Northern  Adirondack  Region.  i88p.  I5pl. 

3 maps.  Sept.  1905.  30c. 

96  Ogilvie,  I.  H.  Geology  of  the  Paradox’  Lake  Quadrangle.  54p.  il.  I7pl. 

. map.  Dec.  1905.  30c. 

99  Luther,  D.  D.  Geology  of  the  Buffalo  Quadrangle.  32p.  map.  May 

1906.  20c. 

101 Geology  of  the  Penn  Yan-Hammondsport  Quadrangles.  28p.  map. 

July  1906.  Out  of  print. 

106  Fairchild,  H.  L.  Glacial  Waters  in  the  Erie  Basin.  88p.  I4pl.  9 maps. 
Feb.  1907.  Out  of  print. 

10 7 Woodworth,  J.  B.;  Hartnagel,  C.  A.;  Whitlock,  H.  P.;  Hudson,  G.  H.; 

Clarke,  J.  M.;  White,  David  & Berkey,  C.  P.  Geological  Papers.  388p. 
54pl.  map.  May  1907.  90c,  cloth. 

Contents:  Woodworth,  J.  B.  Postglacial  Faults  of  Eastern  New  York. 

Hartnagel,  C.  A.  Stratigraphic  Relations  of  the  Oneida  Conglomerate. 

— — - Upper  Siluric  and  Lower  Devonic  Formations  of  the  Skunnemunk  Mountain  Region. 
Whitlock,  H.  P.  Minerals  from  Lyon  Mountain,  Clinton  Co. 

Hudson,  G.  H.  On  Some  Pelmatozoa  from  the  Chazy  Limestone  of  New  York. 

Clarke,  J.  M.  Some  New  Devonic  Fossils. 

An  Interesting  Style  of  Sand-filled  Vein. 

— — Eurypterus  Shales  of  the  Shawangunk  Mountains  in  Eastern  New  York. 

White,  David.  A Remarkable  Fossil  Tree  Trunk  from  the  Middle  Devonic  of  New  York. 
Berkey,  C.  P.  Structural  and  Stratigraphic  Features  of  the  Basal  Gneisses  of  the  Highlands. 

hi  Fairchild,  H.  L.  Drumlins  of  New  York.  6op.  28pl.  19  maps.  July 

1907.  Out  of  print. 

1 14  Hartnagel,  C.  A.  Geologic  Map  of  the  Rochester  and  Ontario  Beach  Quad- 
rangles. 36p.  map.  Aug.  1907.  20c. 
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1 15  Cushing,  H.  P.  Geology  of  the  Long  Lake  Quadrangle.  88p.  20pl 
map.  Sept.  1907.  25c. 

1 18  Clarke,  J.  M.  & Luther,  D.  D.  Geologic  Maps  and  Descriptions  of  the 
Portage  and  Nunda  Quadrangles  including  a map  of  Letch  worth  Park.  50p. 
i6pl.  4 maps.  Jan.  1908.  35c. 

126  Miller,  W.  J.  Geology  of  the  Remsen  Quadrangle.  54p.  il.  upl.  map. 

Jan.  1909.  25c. 

127  Fairchild,  H.  L.  Glacial  Waters  in  Central  New  York.  64P.  27pl.  15 

maps.  Mar.  1909.  40c. 

128  Luther,  D.  D.  Geology  of  the  Geneva-Ovid  Quadrangles.  44P.  map. 

Apr.  1909.  20c. 

135  Miller,  W.  J.  Geology  of  the  Port  Leyden  Quadrangle,  Lewis  County, 
N.  Y.  62p.  il.  upl.  map.  Jan.  1910.  25c. 

137  Luther,  D.  D.  Geology  of  the  Auburn-Genoa  Quadrangles.  36p.  map. 

Mar.  1910.  20c. 

138  Kemp,  J.  F.  & Ruedemann,  Rudolf.  Geology  of  the  Elizabethtown  and 
Port  Henry  Quadrangles.  I76p.  il.  20pl.  3 maps.  Apr.  1910.  Out  of  print. 

145  Cushing,  H.  P.;  Fairchild,  H.  L.;  Ruedemann,  Rudolf  & Smyth,  C.  H. 

Geology  of  the  Thousand  Islands  Region.  194P.  il.  62pl.  6 maps.  Dec. 
1910.  $1,  cloth. 

146  Berkey,  C.  P.  Geologic  Features  and  Problems  of  the  New  York  City 

(Catskill)  Aqueduct.  286p.  il.  38pl.  maps.  Feb.  1911.  75c;  $1,  cloth. 

148  Gordon,  C.  E.  Geology  of  the  Poughkeepsie  Quadrangle.  i22p.  il.  26pl. 
map.  Apr.  1911.  30c. 

152  Luther,  D.  D.  Geology  of  the  Honeoye-Wayland  Quadrangles.  3op. 

map.  Oct.  1911.  20c. 

153  Miller,  William  J.  Geology  of  the  Broadalbin  Quadrangle,  Fulton- Saratoga 
Counties,  New  York.  66p.  il.  8pl.  map.  Dec.  1911.  25c. 

154  Stoller,  James  H.  Glacial  Geology  of  the  Schenectady  Quadrangle.  44P. 

9pl.  map.  Dec.  1911.  20c. 

159  Kemp,  James  F.  The  Mineral  Springs  of  Saratoga.  8 op.  il.  3 pi.  Apr. 

1912.  15c. 

160  Fairchild,  H.  L.  Glacial  Waters  in  the  Black  and  Mohawk  Valleys.  48p. 

il.  8pl.  14  maps.  May  1912.  50c. 

162  Ruedemann,  Rudolf.  The  Lower  Siluric  Shales  of  the  Mohawk  Valley. 
I52p.  il.  I5pl.  Aug.  1912.  35c. 

168  Miller,  William  J.  Geological  History  of  New  York  State.  I30p.  43pl. 

10  maps.  Dec.  1913.  40c. 

169  Cushing,  H.  P.  & Ruedemann,  Rudolf.  Geology  of  Saratoga  Springs  and 

Vicinity.  I78p.  il.  20pl.  map.  Feb.  1914.  40c. 

170  Miller,  William  J.  Geology  of  the  North  Creek  Quadrangle.  90p.  il.  I4pl. 
Feb.  1914.  25c. 

1 71  Hopkins,  T.  C.  The  Geology  of  the  Syracuse  Quadrangle.  8op.  il.  20pl. 

map.  July  1914.  25c. 

172  Luther,  D.  D.  Geology  of  the  Attica  and  Depew  Quadrangles.  32p.  map. 

Aug.  1914.  15c. 

182  Miller,  William  J.  The  Geology  of  the  Lake  Pleasant  Quadrangle.  56p. 

il.  iopl.  map.  Feb.  1916.  25c. 

183  Stoller,  James  H.  Glacial  Geology  of  the  Saratoga  Quadrangle.  50p.  il. 

I2pl.  map.  Mar.  1,  1916.  25c. 

185  Martin,  James  C.  The  Precambrian  Rocks  of  the  Canton  Quadrangle. 

1 12p.  il.  2opl.  map.  May  1,  1916.  30c. 

189  Ruedemann,  Rudolf.  Paleontologic  Contributions  from  the  New  York 
State  Museum.  225P.  il.  36  pi.  Sept.  1916.  50c. 

1 91  Cushing,  H.  P.  Geology  of  the  Vicinity  of  Ogdensburg.  64P.  il.  6pl.  map. 

Nov.  1916.  25c. 

192  Miller,  William  J.  Geology  of  the  Blue  Mountain  Quadrangle.  68p.  il. 

1 1 pi.  map.  Dec.  1916.  25c. 

193  The  Adirondack  Mountains.  97p.  il.  30pl.  2 maps.  Jan.  1917.  35c. 

195  Fairchild,  H.  L.  Postglacial  Features  of  the  Upper  Hudson  Valley.  22p. 

map.  Mar.  1,  1917.  25c. 
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209-210  Fairchild,  H.  L.  Pleistocene  Marine  Submergence  of  the  Hudson, 
Champlain  and  St  Lawrence  Valleys.  75p.  il.  25pl.  maps.  May-June  1918. 
50c. 

2 1 1-2 1 2 Miller,  W.  J.  Geology  of  the  Lake  Placid  Quadrangle.  104P.  il.  23pl. 
map.  July-Aug.  1918.  35c. 

2 13-2 14  Geology  of  the  Schroon  Lake  Quadrangle.  I02p.  il.  I4pl.  map. 

Sept.-Oct.  1918.  35c. 

215-216  Stoller,  J,  H.  Glacial  Geology  of  the  Cohoes  Quadrangle.  49p.  il. 
2pl.  map.  Nov.-Dee.  1919.  25c. 

217-218  Chadwick,  George  H.  Paleozoic  Rocks  of  the  Canton  Quadrangle. 

6op.  il.  i2pl.  map.  Jan.-Feb.  1919.  35c. 

Crosby,  W.  O.  Geology  of  Long  Island.  In  preparation. 

Luther,  D.  D.  Geology  of  the  Phelps  Quadrangle.  In  preparation. 

Geology  of  the  Eden-Silver  Creek  Quadrangles.  Prepared. 

Geology  of  the  Brockport-Hamlin  and  Albion-Oak  Orchard  Quadrangles. 

Prepared. 

Geology  of  the  Medina-Ridgeway  and  Lockport-Olcott  Quadrangles. 

Prepared. 

Geology  of  the  Caledonia-Batavia  Quadrangles.  Prepared. 

Ruedemann,  R.  The  Utica  and  Lorraine  Formations  of  New  York.  In  prepara- 
tion. 

Hudson,  G.  H.  Geology  of  Valcour  Island.  Prepared. 

Kemp,  James  F.  Geology  of  the  Mount  Marcy  Quadrangle.  Prepared. 
Berkey,  C.  P.  & Rice,  Marion.  Geology  of  the  West  Point  Quadrangle.  Pre- 
pared. 

Miller,  W.  J.  Geology  of  the  Lyon  Mountain  Quadrangle.  Prepared. 

Kemp,  James  F.  & Ailing,  H.  L.  Geology  of  the  Ausable  Quadrangle.  Pre- 
pared. 

Smyth,  C.  H.  jr  & Buddington,  A.  F.  Geology  of  the  Lake  Bonaparte  Quad- 
rangle. Prepared. 

Miller,  W.  J.  Geology  of  the  Russell  quadrangle.  Prepared. 

Cook,  J.  H.  Surface  Geology  of  the  Albany-Berne  Quadrangles.  Prepared. 
Buddington,  A.  F.  Geology  of  the  Lowville  Quadrangle.  Prepared. 

Fairchild,  H.  L.  Evolution  of  the  Susquehanna  River.  Prepared. 

Economic  Geology.  3 Smock,  J.  C.  Building  Stone  in  the  State  of  New  York, 
154  p.  Mar.  1888.  30c. 

7 First  Report  on  the  Iron  Mines  and  Iron  Ore  Districts  in  the  State  of 

New  York.  78p.  map.  June  1889.  25c. 

10  Building  Stone  in  New  York.  21  op.  map,  tab.  Sept.  1890.  40c. 

11  Merrill,  F.  J.  H.  Salt  and  Gypsum  Industries  of  New  York.  94P.  I2pl. 

2 maps,  11  tab.  Apr.  1893.  50c- 

12  Ries,  Heinrich.  Clay  Industries  of  New  York.  I74p.  il.  ipl.  map.  Mar. 
1895.  30c. 

15  Merrill  F.  J.  H.  Mineral  Resources  of  New  York.  240P.  2 maps.  Sept. 

i895-  [50c] 

17 Road  Materials  and  Road  Building  in  New  York.  52p.  • I4pl.  2 maps. 

Oct.  1897.  15c. 

30  Orton,  Edward.  Petroleum  and  Natural  Gas  in  New  York.  I36p.  il. 

3 maps.  Nov.  1899.  15c. 

35  Ries,  Heinrich.  Clays  of  New  York;  Their  Properties  and  Uses.  456p. 
I40pl.  map.  June  1900.  $1,  cloth. 

44  Lime  and  Cement  Industries  of  New  York;  Eckel,  E.  C.  Chapters  on 

the  Cement  Industry.  332p.  ioipl.  2 maps.  Dec.  1901.  85c,  cloth. 

61  Dickinson,  H.  T.  Quarries  of  Bluestone  and  Other  Sandstones  in  New 
York.  H4p.  i8pl.  2 maps.  Mar.  1903.  35c. 

85  Rafter,  G.  W.  Hydrology  of  New  York  State.  902p.  il.  44pl.  5 maps. 
May  1905.  $1.50,  cloth. 

93  Newland,  D.  H.  Mining  and  Quarry  Industry  of  New  York.  78p.  July 
1905.  Out  op  print. 

100  McCourt,  W.  E.  Fire  Tests  of  Some  New  York  Building  Stones.  4op. 
26pl.  Feb.  1906.  15c. 
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102  Newland,  D.  H.  Mining  and  Quarry  Industry  of  New  York  1905.  i62p. 

June  1906.  25c. 

1 12  Mining  and  Quarry  Industry  of  New  York  1906.  82p.  July  1907. 

Out  of  print. 

1 19  & Kemp,  J.  F.  Geology  of  the  Adirondack  Magnetic  Iron  Ores  with  a 

Report  on  the  Mineville-Port  Henry  Mine  Group.  184P.  I4pl.  8 maps. 
Apr.  1908.  35c. 

120  Newland,  D.  H.  Mining  and  Quarry  Industry  of  New  York  1907.  82p. 

July  1908.  15c. 

123 & Hartnagel,  C.  A.  Iron  Ores  of  the  Clinton  Formation  in  New  York 

State.  760.  il.  i4pl.  3 maps.  Nov.  1908.  25c. 

132  Newland,  D.  H.  Mining  and  Quarry  Industry  of  New  York  1908.  98p. 

July  1909.  15c. 

142  Mining  and  Quarry  Industry  of  New  York  for  1909.  98p.  Aug.  1910. 

15c. 

143  Gypsum  Deposits  of  New  York.  940.  20pl.  4 maps.  Oct.  1910.  35c. 

151 Mining  and  Quarry  Industry  of  New  York  1910.  82p.  June  191 1.  15c. 

161 Mining  and  Quarry  Industry  of  New  York  191 1.  1 14P.  July  1912.  20c. 

166 Mining  and  Quarry  Industry  of  New  York  1912.  H4p.  Aug.  1913. 

20c. 

174 Mining  and  Quarry  Industry  of  New  York  1913.  mp.  Dec.  1914. 

20c. 

178 Mining  and  Quarry  Industry  of  New  York  1914.  88p.  Nov.  1915.  15c. 

181 The  Quarry  Materials  of  New  York.  2i2p.  34pl.  Jan.  1916.  40c. 

190 Mining  and  Quarry  Industry  of  New  York  1915.  92p.  Oct.  1916.  15c. 

Mining  and  Quarry  Industry  of  New  York  (see  Mus.  Bui.  196). 

199  Ailing,  Harold  L.  The  Adirondack  Graphite  Deposits.  i5op.  il.  July  1, 
1917.  30c. 

201  Smyth,  C.  H.,  jr.  Genesis  of  the  Zinc  Ores  of<  the  Edwards  District,  St 
Lawrence  County,  N.  Y.  32p.  I2pl.  Sept.  1,  1917.  20c. 

203-204  Colony,  R.  J.  High  Grade  Silica  Materials  for  Glass,  Refractories 
and  Abrasives.  3ip.  il.  Nov. -Dec.  1917.  15c. 

The  Iron  Regions  of  Orange  and  Putnam  Counties.  Prepared. 

Newland,  D.  H.  The  Mineral  Resources  of  the  State  of  New  York.  In  presc. 

Mineralogy.  4 Nason,  F.  L.  Some  New  York  Minerals  and  Their  Localities. 
22p.  1 pi.  Aug.  1888.  Free. 

58  Whitlock,  H.  P.  Guide  to  the  Mineralogic  Collections  of  the  New  York 
State  Museum.  i5op.  il.  39pl.  11  models.  Sept.  1902.  40c. 

70 New  York  Mineral  Localities,  nop.  Oct.  1903.  20c. 

98 Contributions  from  the  Mineralogic  Laboratory.  38p.  7pl.  Dec. 

1905.  Out  of  print. 

Zoology.  1 Marshall,  W.  B.  Preliminary  List  of  New  York  Unionidae.  20p 
Mar.  1892.  Free. 

9 Beaks  of  Unionidae  Inhabiting  the  Vicinity  of  Albany,  N.  Y.  30p.  ipl. 

Aug.  1 890.  Free. 

29  Miller,  G.  S.  jr  Preliminary  List  of  New  York  Mammals.  124P.  Oct. 
1899.  15c. 

33  Farr,  M.  S.  Check  List  of  New  York  Birds.  224P.  Apr.  1900.  25c. 

38  Miller,  G.  S.  jr  Key  to  the  Land  Mammals  of  Northeastern  North  America. 
io6p.  Oct.  1900.  15c. 

40  Simpson,  G.  B.  Anatomy  and  Physiology  of  Polygyra  albolabris  and  Limax 
maximus  and  Embryology  of  Limax  maximus.  82p.  28pl.  Oct.  1901.  25c. 

43  Kellogg,  J.  L.  Clam  and  Scallop  Industries  of  New  York.  36p.  2pl.  map. 
Apr.  1901.  Free. 

51  Eckel,  E.  C.  & Paulmier,  F.  C.  Catalogue  of  Reptiles  and  Batrachians  of  New 
York.  64P.  il.  ipl.  Apr.  1902.  Out  of  print. 

Eckel,  E.  C.  Serpents  of  Northeastern  United  States. 

Paulmier,  F.  C.  Lizards,  Tortoises  and  Batrachians  of  New  York. 

60  Bean,  T.  H.  Catalogue  of  the  Fishes  of  New  York.  784P.  Feb.  1903.  $1, 

cloth. 
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71  Kellogg,  J.  L.  Feeding  Habits  and  Growth  of  Venus  mercenaria.  30p.  4 pi. 
Sept.  1903.  Free. 

88  Letson,  Elizabeth  J.  Check  List  of  the  Mollusca  of  New  York.  1 i6p.  May 
1905.  20c. 

91  Paulmier,  F.  C.  Higher  Crustacea  of  New  York  City.  78p.  il.  June  1905. 
20c. 

130  Shufeldt,  R.  W.  Osteology  of  Birds.  382p.  il.  26pl.  May  1909.  50c. 

Entomology.  5 Lintner,  J.  A.  White  Grub  of  the  May  Beetle.  34p.  il.  Nov. 
1888.  Free. 

6 Cut- worms.  38p.  il.  Nov.  1888.  Free. 

13 San  Jose  Scale  and  Some  Destructive  Insects  of  New  York  State.  54P. 

7pl.  Apr.  1895.  15c. 

20  Felt,  E.  P.  Elm  Leaf  Beetle  in  New  York  State.  46p.  il.  5pl.  June  1898. 
Free. 

See  57. 

23  14th  Report  of  the  State  Entomologist  1898.  I50p.  il.  9pl.  Dec.  1898. 

20c. 

24  Memorial  of  the  Life  and  Entomologic  Work  of  J.  A.  Lintner  Ph.D. 

State  Entomologist  1874-98;  Index  to  Entomologist’s  Reports  1-13.  3i6p. 

ipl.  Oct.  1899.  35c. 

Supplement  to  14th  report  of  the  State  Entomologist. 

26  Collection,  Preservation  and  Distribution  of  New  York  Insects.  36p. 

il.  Apr.  1899.  Out  of  print. 

27  Shade  Tree  Pests  in  New  York  State.  26p.  il.  5pl.  May  1899.  Out  of 

print. 

31 15th  Report  of  the  State  Entomologist  1899.  I28p.  June  1900.  15c. 

36  1 6th  Report  of  the  State  Entomologist  1900.  n8p.  i6pl.  Mar. 

1901.  25c. 

37  Catalogue  of  Some  of  the  More  Important  Injurious  and  Beneficial 

Insects  of  New  York  State.  54p.  il.  Sept.  1900.  Free. 

46  Scale  Insects  of  Importance  and  a List  of  the  Species  in  New  York  State. 

94p.  il.  I5pl.  June  1901.  25c. 

47  Needham,  J.  G.  & Betten,  Cornelius.  Aquatic  Insects  in  the  Adirondacks. 

234P.  il.  36pl.  Sept.  1901.  45c. 

53  Felt,  E.  P.  17th  Report  of  the  State  Entomologist  1901.  232P.  il.  6pl.  Aug. 

1902.  Out  of  print. 

57 Elm  Leaf  Beetle  in  New  York  State.  46p.  il.  8 pi.  Aug.  1902.  Out  of 

print. 

This  is  a revision  of  Bulletin  20  containing  the  more  essential  facts  observed  since  that  was 
prepared. 

59 Grapevine  Root  Worm.  4op.  6pl.  Dec.  1902.  15c. 

See  72. 

64 1 8th  Report  of  the  State  Entomologist  1902.  nop.  6 pi.  May  1903 

20c. 

68  Needham,  J.  G.  others.  Aquatic  Insects  in  New  York.  322p.  52pl.  Aug. 

1903.  80c,  cloth. 

72  Felt,  E.  P.  Grapevine  Root  Worm.  58p.  I3pl.  Nov.  1903.  20c. 

This  is  a revision  of  Bulletin  59  containing  the  more  essential  facts  observed  since  that  wa 
prepared. 

74 & Joutel,  L.  H.  Monograph  of  the  Genus  Saperda.  88p.  I4pl.  June 

1904.  25c. 

76  Felt,  E.  P.  19th  Report  of  the  State  Entomologist  1903.  i5op.  4pl.  1904. 
15c. 

79 Mosquitoes  or  Culicidae  of  New  York.  164P.  il.  57pl.  tab.  Oct.  1904. 

40c. 

86  Needham,  J.  G.  & others.  May  Flies  and  Midges  of  New  York.  352p. 
il.  37pl.  June  1905.  80c,  cloth. 

97  Felt,  E.  B.  20th  Report  of  the  State  Entomologist  1904.  246P.  il.  igpl. 

Nov.  1905.  40c. 
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103  Gipsy  and  Brown  Tail  Moths.  44p.  iopl.  July  1906.  Out  of  print. 

104  2 1st  Report  of  the  State  Entomologist  1905.  144P.  iopl.  Aug.  1906. 

25c. 

109 Tussock  Moth  and  Elm  Leaf  Beetle.  34P.  8pl.  Mar.  1907.  Out  of 

print. 

no 22d  Report  of  the  State  Entomologist  1906.  I52p.  3pl.  June  1907. 

25c. 

124 23d  Report  of  the  State  Entomologist  1907.  542p.  il.  44pl.  Oct. 

1908.  75c. 

129 Control  of  Household  Insects.  48p.  il.  May  1909.  Out  of  print. 

134 24th  Report  of  the  State  Entomologist  1908.  2o8p.  il.  I7pl.  Sept. 

1909.  35c. 

136 Control  of  Flies  and  Other  Household  Insects.  56p.  il.  Feb.  1910.  15c. 


This  is  a revision  of  B ulletin  129  containing  the  more  essential  facts  observed  since  that  was 
prepared. 

14 1 Felt,  E.  P.  25th  Report  of  the  State  Entomologist  1909.  I78p.  il.  22pl. 

July  1910.  35c. 

147 26th  Report  of  the  State  Entomologist  1910.  i82p.  il.  35pl.  Mar. 

1911.  35c. 

155  27th  Report  of  the  State  Entomologist  191 1.  198p.il.  27pl.  Jan.  1912. 

40c. 

156  Elm  Leaf  Beetle  and  White-Marked  Tussock  Moth.  35p.  8pl.  Jan. 

1912.  20c. 

165 28th  Report  of  the  State  Entomologist  1912.  266p.  I4pl.  July  1913. 

40c. 

175 29th  Report  of  the  State  Entomologist  1913.  258P.  i6pl.  April  1915. 

Out  of  print. 

180 30th  Report  of  the  State  Entomologist  1914.  336p.  il.  I9pl.  Jan. 

1916.  50c. 

186 31st  Report  of  the  State  Entomologist  1915.  215P.  il.  i8pl.  June  1, 

1916.  35c. 

194 Household  and  Camp  Insects.  84P.  il.  Feb.  1,  1917.  15c. 

198 32d  Report  of  the  State  Entomologist  1916.  2764).  il.  8pl.  June  1, 

1917.  40c. 

200 Key  to  American  Insect  Galls.  31  op.  il.  i6pl.  August  1917.  Out  of 

print. 

202 33d  Report  of  the  State  Entomologist  1917.  240P.  il.  I2pl.  35c. 

Betten,  Cornelius.  Report  on  the  Aquatic  Insects  of  New  York.  In  press. 

Felt,  E.  P.  Report  of  the  State  Entomologist  for  1918.  Prepared. 


Botany.  2 Peck,  C.  H. 

72p.  2pl.  May  1887. 

8 Boleti  of  the  United  States.  98p. 

25 Report  of  the  State  Botanist  1898. 


Contributions  to  the  Botany  of  the  State  of  New  York 
20c. 

Sept.  1889.  Out  of  print. 

76p.  5pl.  Oct.  1899.  Out  of  print. 


188  House,  H. 
1916.  30c. 


Plants  of  North  Elba.  2o6p.  map. 
Report  of  the  State  Botanist  1901. 
Report  of  the  State  Botanist  1902. 
Report  of  the  State  Botanist  1903. 
Report  of  the  State  Botanist  1904. 
Report  of  the  State  Botanist  1905. 
Report  of  the  State  Botanist  1906. 
Report  of  the  State  Botanist  1907. 
Report  of  the  State  Botanist  1908. 
Report  of  the  State  Botanist  1909. 
Report  of  the  State  Botanist  1910. 
Report  of  the  State  Botanist  1911. 
Report  of  the  State  Botanist  1912. 
Report  of  the  State  Botanist  1913. 
Report  of  the  State  Botanist  1914. 


June  1899.  20c. 

58p.  7pl.  Nov.  1902. 
I96p.  5pl.  May  1903. 
70p.  4pl.  1904.  40c. 

6op.  iopl.  July  1905. 


io8p.  I2pl. 
1 2 op.  6pl. 
i78p.  5pl. 
202p.  4pl. 
n6p.  iopl. 
loop.  5pl. 

Hop.  9pl. 
I38p.  4pl. 


Aug.  1906. 
July  1907. 
Aug.  1908. 
July  1909. 

May  1910. 
May  1911. 
Mar.  1912. 
Sept.  1913. 


78p.  I7pl.  June  1915, 
io8p.  1 pi.  Dec.  1915. 


40c. 

50c. 

40c. 

50c. 

35C. 

40c. 

40c. 

45c. 

30c. 

35C. 

30c. 

20c. 

20c. 


D.  Report  of  the  State  Botanist  1915.  n8p.  il.  4pl.  Aug.  1, 
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197 Report  of  the  State  Botanist  1916.  I22p.  upl.  May  1,  1917.  30c. 

205-206 Report  of  the  State  Botanist  1917.  169P.  23pl.  Jan.-Feb.  1918. 

20c. 

Archeology.  16  Beauchamp,  W.  M.  Aboriginal  Chipped  Stone  Implements  of 
New  York.  860.  23pl.  Oct.  1897.  25c. 

18 Polished  Stone  Articles  Used  by  the  New  York  Aborigines.  104P.  35pl. 

Nov.  1897.  25c. 

22 Earthenware  of  the  New  York  Aborigines.  78p.  33pl.  Oct.  1898.  25c. 

32 Aboriginal  Occupation  of  New  York.  190P.  i6pl.  2 maps.  Mar.  1900. 

30c. 

41 Wampum  and  Shell  Articles  Used  by  New  York  Indians.  i66p.  28pl. 

Mar.  1901.  Out  of  print. 

50 Horn  and  Bone  Implements  of  the  New  York  Indians.  H2p.  43pl.  Mar. 

1902.  Out  of  print. 

55 Metallic  Implements  of  the  New  York  Indians.  94P.  38pl.  June  1902. 

25c. 

73 Metallic  Ornaments  of  the  New  York  Indians.  I22p.  37pl.  Dec.  1903. 

Out  of  print. 

78 History  of  the  New  York  Iroquois.  34op.  I7pl.  map.  Feb.  1905. 

Out  of  print. 

87 Perch  Lake  Mounds.  84P.  I2pl.  Apr.  1905.  20c. 

89 Aboriginal  Use  of  Wood  in  New  York.  i9op.  35pl.  June  1905.  Out  of 

print. 

108 Aboriginal  Place  Names  of  New  York.  33 6p.  May  1907.  Out  of 

print. 

1 13 Civil,  Religious  and  Mourning  Councils  and  Ceremonies  of  Adoption. 

n8p.  7pl.  June  1907.  25c. 

1 17  Parker,  A.  C.  An  Erie  Indian  Village  and  Burial  Site.  I02p.  38pl.  Dec. 
1907.  30c. 

125  Converse,  H.  M.  & Parker,  A.  C.  Iroquois  Myths  and  Legends.  196P. 
il.  upl.  Dec.  1908.  50c. 

144  Parker,  A.  C.  Iroquois  Uses  of  Maize  and  Other  Food  Plants.  120p.il.  31  pi. 
Nov.  1910.  Out  of  print. 

163 The  Code  of  Handsome  Lake.  144P.  23pl.  Nov.  1912.  25c. 

184 The  Constitution  of  the  Five  Nations.  I58p.  8pl.  April  1,  1916.  30c. 

The  Archeologic  History  of  the  State  of  New  York.  In  press. 

Miscellaneous.  62  Merrill,  F.  J.  H.  Directory  of  Natural  History  Museums 
in  United  States  and  Canada.  236P.  Apr.  1903.  30c. 

66  Ellis,  Mary.  Index  to  Publications  of  the  New  York  State  Natural  History 
Survey  and  New  York  State  Museum  1837-1902.  41 8p.  June  1903.  75c, 

cloth. 

New  York  State  Defense  Council  Bulletin  No.  1.  Report  on  the  Pyrite  and 
Pyrrhotite  Veins  in  Jefferson  and  St  Lawrence  Counties,  New  York,  by  A.  F. 
Buddington.  p.40,  il.  Nov.  1917.  Free. 

New  York  State  Defense  Council  Bulletin  No.  2.  The  Zinc-Pyrite  Deposits  of 
the  Edwards  District,  New  York,  by  David  H.  Newland.  p.72,  il.  Nov.  1917. 
Free. 

Museum  memoirs  1889 -date.  4to. 

1 Beecher,  C.  E.  & Clarke,  J.  M.  Development  of  Some  Silurian  Brachiopoda. 

96p.  8pl.  Oct.  1889.  $1. 

2 Hall,  James  & Clarke,  J.  M.  Paleozoic  Reticulate  Sponges.  350p.  il.  7opl. 

1898.  $2,  cloth. 

3 Clarke,  J.  M.  The  Oriskany  Fauna  of  Becraft  Mountain,  Columbia  Co.,  N.  Y. 

I28p.  9pl.  Oct.  1900.  80c. 

4 Peck,  C.  H.  N.  Y.  Edible  Fungi,  1895-99.  io6p.  25pl.  Nov.  1900.  75c. 

This  includes  revised  descriptions  and  illustrations  of  fungi  reported  in  the  49th,  51st  and  52  d 
reports  of  the  State  Botanist. 

5 Clarke,  J.  M.  & Ruedemann,  Rudolf.  Guelph  Formation  and  Fauna  of  New 

York  State.  I96p.  21  pi.  July  1903.  $1.50,  cloth. 
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6 Clarke,  J.  M.  Naples  Fauna  in  Western  New  York.  268p.  26pl.  map.  1904. 
$2,  cloth. 

7 Ruedemann,  Rudolf.  Graptolites  of  New  York.  Pt  1 Graptolites  of  the 

Lower  Beds.  35op.  I7pl.  Feb.  1905.  $1.50,  cloth. 

8 Felt,  E.  P.  Insects  Affecting  Park  and  Woodland  Trees,  v.  I.  46op.  il.  48pl. 

Feb.  1906.  $2.50,  cloth;  v.  2.  548p.  il.  22pl.  Feb.  1907.  $2,  cloth.  $4  for 

the  two  volumes. 

9 Clarke,  J.  M.  Early  Devonic  of  New  York  and  Eastern  North  America. 

Pt  1.  366p.  il.  7opl.  5 maps.  Mar.  1908.  $2.50,  cloth;  Pt  2.  25opl.  il.  36p. 

4 maps.  Sept.  1909.  $2,  cloth.  _ 

10  Eastman,  C.  R.  The  Devonic  Fishes  of  the  New  York  Formations.  236P. 

I5pl.  1907.  $1.25,  cloth. 

11  Ruedemann,  Rudolf.  Graptolites  of  New  York.  Pt  2 Graptolites  of  the 

Higher  Beds.  584P.  il.  3ipl.  2 tab.  Apr.  1908.  $2.50,  cloth. 

12  Eaton,  E.  H.  Birds  of  New  York.  v.  I.  50ip.  il.  42pl.  Apr.  1910.  Out 
of  print;  v.  2,  719P.  il.  64pl.  July  1914.  Out  of  print.  106  colored  plates 
in  portfolio  $1. 

13  Whitlock,  H.  P.  Calcites  of  New  York.  I90p.  il.  27pl.  Oct.  1910.  $1, 

cloth. 

14  Clarke,  J.  M.  & Ruedemann,  Rudolf.  The  Euryperida  of  New  York.  v.  I 

Text.  44op.  il.  v.  2.  Plates.  i88p.  88pl.  Dec.  1912.  $4,  cloth. 

15  House,  Homer  D.  Wild  Flowers  of  New  York.  v.  I.  185P.  i43pl.  il.  1918. 
$4,  cloth;  v.  2.  177  p.  1 2 1 pi.  il.  $3,  cloth.  $7.00  for  the  two  volumes. 

Goldring,  W.  Monograph  of  the  Devonian  Crinoids  of  New  York.  Prepared. 
Pilsbry,  H.  L.  Monograph  of  the  Land  and  Fresh  Water  Mollusca  of  the  State 
of  New  York.  In  preparation. 

Natural  History  of  New  York.  30  v.  il.  pi.  maps.  4to.  Albany  1 842-94. 
division  1 zoology.  De  Kay,  James  E.  Zoology  of  New  York;  or,  The 
New  York  Fauna;  comprising  detailed  descriptions  of  all  the  animals  hitherto 
observed  within  the  State  of  New  York  with  brief  notices  of  those  occasionally 
found  near  its  borders,  and  accompanied  by  appropriate  illustrations.  5V. 
il.  pi.  maps.  sq.  4to.  Albany  1 842-44.  Out  of  print. 

Historical  introduction  to  the  series  by  Gov.  W.  H.  Seward.  I78p. 

v.  i pt  I Mammalia.  131  + 46p.  33pl.  1842. 

300  copies  with  hand-colored  plates. 

v.  2 pt  2 Birds.  12  + 38op.  I4ipl.  1844. 

Colored  plates. 

v.  3 pt  3 Reptiles  and  Amphibia.  7 + 98p.  pt  4 Fishes.  15  + 41 5p.  1842. 

pt  3-4  bound  together. 

v.  4 Plates  to  accompany  v.  3.  Reptiles  and  Amphibia.  23PI.  Fishes  79pl. 
1842. 

300  copies  with  hand-colored  plates. 

v.  5 pt  5 Mollusca.  4 + 271P.  4opl.  pt  6 Crustacea.  7op.  I3pl.  1843-44. 

Hand-colored  plates;  pt  5-6  bound  together. 

division  2 botany.  Torrey,  John.  Flora  of  the  State  of  New  York;  com- 
prising full  descriptions  of  all  the  indigenous  and  naturalized  plants  hitherto 
discovered  in  the  State,  with  remarks  on  their  economical  and  medical  prop- 
erties. 2v.  il.  pi.  sq.  4to.  Albany  1843.  Out  of  print. 
v.  1 Flora  of  the  State  of  New  York.  12  + 484P.  72pl.  1843. 

300  copies  with  hand-colored  plates. 

v.  2 Flora  of  the  State  of  New  York.  572p.  89pl.  1843. 

300  copies  with  hand-colored  plates. 

division  3 minerology.  Beck,  Lewis  C.  Mineralogy  of  New  York;  com- 
prising detailed  descriptions  of  the  minerals  hitherto  found  in  the  State  of 
New  York,  and  notices  of  their  uses  in  the  arts  and  agriculture,  il.  pi.  sq.  4to. 
Albany  1842.  Out  of  print. 
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v.  i pt  i Economical  Mineralogy,  pt  2 Descriptive  Mineralogy.  24  + 536p. 
1842. 

8 plates  additional  to  those  printed  as  part  of  the  text. 

division  4 geology.  Mather,  W.  W.;  Emmons,  Ebenezer;  Vanuxem,  Lardner 
& Hall,  James.  Geology  of  New  York.  4V.  il.  pi.  sq.  4to.  Albany  1842-43. 
Out  of  print. 

v.  1 pt  1 Mather,  W.  W.  First  Geological  District.  3 7 + 653P.  46pl.  1843. 
v.  2 pt  2 Emmons,  Ebenezer.  Second  Geological  District.  10  + 437P-  I7ph 
1842. 

v.  3 Pt  3 Vanuxem,  Lardner.  Third  Geological  District.  3o6p.  1842. 

v.  4 pt  4 Hall,  James.  Fourth  Geological  District.  22  + 683P.  I9pl.  map. 
1843- 

division  5,  agriculture.  Emmons,  Ebenezer.  Agriculture  of  New  York; 
comprising  an  account  of  the  classification,  composition  and  distribution  of 
the  soils  and  rocks  and  the  natural  waters  of  the  different  geological  formatio  ns, 
together  with  a condensed  view  of  the  meteorology  and  agricultural  productions 
of  the  State.  5v.  il.  pi.  sq.  4to.  Albany  1846-54.  Out  of  print. 
v.  1 Soils  of  the  State,  Their  Composition  and  Distribution.  11+  37ip.  2ipl. 
1846. 

v.  2 Analysis  of  Soils,  Plants,  Cereals  etc.  8 + 343  + 46p.  42pl.  1849. 

With  hand-colored  plates. 

v.  3 Fruits  etc.  8 + 340p.  1851. 

v.  4 Plates  to  accompany  v.  3.  95pl.  1851. 

Hand-colored. 

v.  5 Insects  Injurious  to  Agriculture.  8 + 272 p.  5opl.  1854. 

With  hand-colored  plates. 

division  6 Paleontology.  Hall,  James.  Paleontology  of  New  York.  8v 
il.  pi.  sq.  4to.  Albany  1847-94.  Bound  in  cloth. 
v.  1 Organic  Remains  of  the  Lower  Division  of  the  New  York  System. 

23  + 338p.  99pl.  1847.  Out  of  print. 

v.  2 Organic  Remains  of  Lower  Middle  Division  of  the  New  York  System. 
8 + 3625).  I04pl.  1852.  Out  of  print. 

v.  3 Organic  Remains  of  the  Lower  Helderberg  Group  and  the  Oriskany  Sand- 
stone. pti,  text.  12  + 532P.  1859.  [$3-5o] 

pt  2.  142  pi.  1861.  [$2.50] 

v.  4 Fossil  Brachiopoda  of  the  Upper  Helderberg,  Hamilton,  Portage  and  Che- 
mung Groups.  11  + 1 + 428P.  69pl.  1867.  $2.50. 

v.  5 pt  1 Lamellibranchiata  1.  Monomyaria  of  the  Upper  Helderberg, 
Hamilton  and  Chemung  Groups.  18  + 268p.  45pl.  1884.  $2.50. 

Lamellibranchiata  2.  Dimyaria  of  the  Upper  Helderberg,  Hamilton, 

Portage  and  Chemung  Groups.  62  + 293P.  5ipl.  1885.  $2.50. 

pt  2 Gasteropoda,  Pteropoda  and  Cephalopoda  of  the  Upper  Helderberg, 

Hamilton,  Portage  and  Chemung  Groups.  2v.  1879.  v.  1,  text.  15  + 492p.; 
v.  2.  1 2opl.  $2.50  for  2 v. 

& Simpson,  George  B.  v.  6 Corals  and  Bryozoa  of  the  Lower  and  Upper 

Helderberg  and  Hamilton  Groups.  24  + 298  p.  67pl.  1887.  $2.50. 

& Clarke,  John  M.  v.  7 Trilobites  and  Other  Crustacea  of  the  Oriskany, 

Upper  Helderberg,  Hamilton,  Portage,  Chemung  and  Catskill  Groups. 
64  + 236P.  46pl.  1888.  Cont.  supplement  to  v.  5,  pt  2.  Pteropoda, 

Cephalopoda  and  Annelida.  42p.  i8pl.  1888.  $2.50. 

& Clarke,  John  M.  v.  8 pt  1.  Introduction  to  the  Study  of  the  Genera  of 

the  Paleozoic  Brachiopoda.  16  + 367P.  44pl.  1892.  $2.50. 

& Clarke,  John  M.  v.  8 pt  2 Paleozoic  Brachiopoda.  16  + 394P.  64pl. 

1894.  $2.50. 

Catalogue  of  the  Cabinet  of  Natural  History  of  the  State  of  New  York  and  of 
the  Historical  and  Antiquarian  Collection  annexed  thereto.  242P.  8vo.  1853. 
Out  of  print. 
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Handbooks  1893-date. 

New  York  State  Museum,  52p.  il.  1902.  Out  of  print. 

Outlines  history  and  work  of  the  museum  with  list  of  staff  1902. 

Paleontology.  I2p.  1899.  Out  of  print. 

Brief  outline  of  State  Museum  work  in  paleontology  under  heads:  Definition;  Relation  to 
biology;  Relation  to  stratigraphy;  History  of  paleontology  in  New  York. 

Guide  to  Excursions  in  the  Fossiliferous  Rocks  of  New  York.  124P.  1 899.  Free. 

Itineraries  of  32  trips  covering  nearly  the  entire  series  of  Paleozoic  rocks,  prepared  specially 
for  the  use  of  teachers  and  students  desiring  to  acquaint  themselves  more  intimately  with  the 
classic  rocks  of  this  State. 

Entomology.  i6p.  1899.  Out  of  print. 

Economic  Geology.  44p.  1904.  Out  of  print. 

Insecticides  and  Fungicides.  2op.  1909.  Free. 

Classification  of  New  York  Series  of  Geologic  Formations.  32p.  1903.  Out  of 
print.  Revised  edition.  96p.  1912.  Free. 

Guides 

Guide  to  the  Mineral  Collections,  prepared  by  Herbert  P.  Whitlock,  p.  45.  1916. 
Free. 

Guide  to  the  Collections  of  General  Geology  and  Economic  Geology,  prepared  by 
Robert  W.  Jones,  p.  31.  1917.  Free. 

Guide  to  the  Paleontological  Collections,  prepared  by  Rudolf  Ruedemann.  p.  35, 
il.  1916.  Free. 

Geologic  maps.  Merrill,  F.  J.  H.  Economic  and  Geologic  Map  of  the  State 
of  New  York;  issued  as  part  of  Museum  Bulletin  15  and  48th  Museum  Report, 
v.  1.  59  x 67  cm.  1894.  Scale  14  miles  to  1 inch.  15c. 

Map  of  the  State  of  New  York  Showing  the  Location  of  Quarries  of  Stone 

Used  for  Building  and  Road  Metal.  1897.  Out  of  print. 

Map  of  the  State  of  New  York  Showing  the  Distribution  of  the  Rocks 

Most  Useful  for  Road  Metal.  1897.  Out  of  print. 

Geologic  Map  of  New  York.  1901.  Scale  5 miles  to  1 inch.  In  atlas  form, 

$2.  Lower  Hudson  sheet  50c. 

The  lower  Hudson  sheet,  geologically  colored,  comprises  Rockland,  Orange,  Dutchess,  Putnam, 
Westchester,  New  York,  Richmond,  Kings,  Queens  and  Nassau  counties,  and  parts  of  Sullivan, 
Ulster  and  Suffolk  counties;  also  northeastern  New  Jersey  and  part  of  western  Connecticut. 

Map  of  New  York  Showing  the  Surface  Configuration  and  Water  Sheds. 

1901.  Scale  12  miles  to  1 inch.  15c. 

Map  of  the  State  of  New  York  Showing  the  Location  of  Its  Economic 

Deposits.  1904.  Scale  12  miles  to  1 inch.  15c. 

Geologic  maps  on  the  United  States  Geological  Survey  topographic  base.  Scale 
1 in.  = 1 m.  Those  marked  with  an  asterisk  have  also  been  published 
separately.. 

Albany  county.  1898.  Out  of  print. 

Area  around  Lake  Placid.  1898. 

Vicinity  of  Frankfort  Hill  [parts  of  Herkimer  and  Oneida  counties].  1899. 
Rockland  county.  1899. 

Amsterdam  quadrangle.  1900. 

* Parts  of  Albany  and  Rensselaer  counties.  1901.  Out  of  print. 

^Niagara  river.  1901.  Not  available. 

Part  of  Clinton  county.  1901. 

Oyster  Bay  and  Hempstead  quadrangles  on  Long  Island.  1901. 

Portions  of  Clinton  and  Essex  counties.  1902. 

Part  of  town  of  Northumberland,  Saratoga  co.  1903. 

Union  Springs,  Cayuga  county  and  vicinity.  1903. 

*01ean  quadrangle.  1903.  Free. 

*Becraft  Mt  with  2 sheets  of  sections.  (Scale  1 in.  = ^ m.)  1903.  20c. 

*Canandaigua- Naples  quadrangles.  1904.  20c. 

*Little  Falls  quadrangle.  1905.  Free. 

*Watkins-Elmira  quadrangles.  1905.  20c. 
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*Tully  quadrangle.  1905.  Free. 
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*Mooers  quadrangle.  1905.  Free. 

Paradox  Lake  quadrangle.  1905. 

*Buffalo  quadrangle.  1906.  Out  of  print. 
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*Nunda- Portage  quadrangles.  1908.  20c. 
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*Poughkeepsie  quadrangle.  1911.  Free. 
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*Saratoga-Schuylerville  quadrangles.  1914.  20c. 

*North  Creek  quadrangle.  1914.  Free. 

*Syracuse  quadrangle.  1914.  Free. 

*Attica-Depew  quadrangles.  1914.  20c. 

*Lake  Pleasant  quadrangle.  1916.  Free. 

*Saratoga  quadrangle.  1916.  Free. 

*Canton  quadrangle.  1916.  Free. 
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Museum,  9 

Lighting,  improved,  10 
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Lorraine  faunas,  28 
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Oswego  county,  notes  on  local  floras, 

246 


INDEX  TO  REPORT  OF  DIRECTOR  I918 


309 


Paleontology,  28-30;  postbellum 
reflections  on  place  among  the 
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Paulocaris  pachecoi,  135-36 
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compressa,  175 
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Polyporus  elegans,  237 
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Publications,  21 
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lobeliae,  235 
lysimachiae,  236 
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Red  bugs,  78 
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daigua, 20 

Septameroceras  chadwicki,  207 
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Staff  of  Department,  121-22 
Stark’s  Knob  volcano,  16 
State  Museum,  legal  status  and  scope, 
9 

Stereum  willeyi,  237 
Sterlingbush  calcite  grotto,  recon- 
struction of,  12-13,  223-26 
Susquehanna  valley,  plants  of  the 
valley  and  adjacent  hills  of  Tioga 
county,  247-50 
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gibbosa,  155 
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pupa,  157 
trochus,  158 
Truncatulina,  183 
boueana,  184 
lobatula,  185 
ungeriana,  185 

Tussock  moth,  white-marked,  78 

Uromyces  silphii,  235 
spartinae,  236 
Ustilago  bipustulata,  235 
Utica  faunas,  28 
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sp.  159 

Verneuilina,  160 
pygmaea,  160 

Vernon  shale,  notes  on  fossils  of, 
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sp.  164 

schreibersiana,  163 
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Water-biscuits,  16 
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The  University  of  the  State  of  New  York 
Science  Department , November  8,  1918 


Dr  John  H.  Finley 

President  of  the  University 

Sir  : 

I beg  to  communicate  herewith  and  to  recommend  for  publica- 
tion, as  a Bulletin  of  the  State  Museum,  a manuscript  report  entitled 
The  Pleistocene  Marine  Submergence  of  the  Hudson,  Champlain 
and  St  Lawrence  Valleys  which  has  been  prepared,  at  my  request, 
by  Prof.  Herman  L.  Fairchild. 

Very  respectfully 

John  M.  Clarke 

Director 

THE  UNIVERSITY  OF  THE  STATE  OF  NEW  YORK 
OFFICE  OF  THE  PRESIDENT 


Approved  for  publication  this  12th  day  of  November  1918 


President  of  the  University 
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PLEISTOCENE  MARINE  SUBMERGENCE  OF  THE  HUD- 
SON, CHAMPLAIN  AND  ST  LAWRENCE  VALLEYS 

BY  HERMAN  L.  FAIRCHILD 
INTRODUCTION 

This  is  the  closing  paper  of  a series  on  the  glacial  waters  in  New 
York  State  published  as  bulletins  of  the  New  York  State  Museum. 
These  bulletins,  with  other  papers,  described  the  successive  stages 
of  the  glacial  lakes  and  drainage  down  to  the  time  of  Lake  Iroquois,, 
the  latest  of  the  glacial  lakes.  (See  nos.  154-64  of  the  biblio- 
graphic list.) 

The  glacial  history  had  been  carried  eastward  through  the 
Mohawk  valley  to  the  Hudson  valley,  and  the  writer  thought  that 
his  task  would  be  completed  when  the  Lake  Iroquois  history  ended 
with  the  extinction  of  the  lake  in  the  “ Champlain  sea.”  In  the 
prosecution  of  this  study  the  Iroquois  shore  was  traced  north- 
eastward on  the  northwest  flank  of  the  Adirondack  highland  to  the 
second  and  final  outlet  of  the  lake,  at  the  pass  south  of  Covey  hilt 
on  the  international  boundary,  with  altitude  far  over  1000  feet. 

It  was  expected  that  the  waters  inferior  to  Iroquois  in  the 
Ontario-St  Lawrence  basin  would  correlate  with  Woodworth’s 
water  levels  in  the  Champlain  valley  (81,  82).  But  a complication 
appeared  when  shore-line  features  were  found  in  the  St  Lawrence 
valley  at  altitudes  beneath  the  Iroquois  plane  but  much  above  the 
supposed  marine  plane,  and  even  above  Woodworth’s  “Lake  Ver- 
mont.” These  beaches  were  first  noted  by  Prof.  G.  H.  Chadwick, 
in  the  Canton  district.  The  first  tentative  explanation  of  these 
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intermediate  shore  lines  attributed  them  to  glacial  waters  controlled 
by  the  ice  front  on  the  Champlain  side  of  the  Covey  Hill  salient. 
This  necessitated  an  examination  of  the  Champlain  valley  features, 
and  eventually  led  to  a comparison  of  the  high-level  water  planes 
throughout  the  entire  Champlain-Hudson  valley.  With  the  help  of 
later  topographic  surveys  and  new  maps  it  iwas  found  that  the  sup- 
posed glacial  waters  in  the  Hudson  valley  (Lake  Albany)  and  in 
the  Champlain  section  (Lake  Vermont)  were  in  fact  only  north- 
ward extension  of  sea-level  waters.  It  appeared  that  the  amount 
of  land  depression  at  the  close  of  glaciation  was  greater  than  had 
been  supposed. 

Abundant  phenomena  of  the  summit  level  of  the  marine  flooding 
were  mapped  on  both  sides  of  the  great  valley,  rising  steadily  from 
zero  south  of  New  York  City  to  740  feet  at  Covey  pass.  Many  of 
these  features  were  noted  by  Woodworth.  The  series  of  heavy 
cobble  bars  at  Covey  Hill  post  office,  which  curves  about  the  Covey 
salient  and  back  into  New  York  south  of  Chateaugay  village,  were 
found  to  be  inferior  by  over  200  feet  to  the  summit  marine  plane. 
The  summit  plane  of  the  sea-level  waters  passed  far  above  the 
points  of  supposed  glacial  lake  control,  and  it  became  evident  that 
no  glacial  waters  were  ever  held  the  whole  width  of  the  Hudson- 
Champlain  valley.  The  negative  reasons  will  be  stated  later.  Sev- 
eral years  of  further  study  in  New  York,  Vermont  and  the  Con- 
necticut valley  confirms  the  above  philosophy.  The  facts  are  par- 
tially on  record  in  former  papers  (nos.  26,  27,  55,  69,  89-93). 

Not  until  recently  have  the  topographic  maps  been  available  for 
clearly  depicting  the  shore-line  features  about  the  Covey  promon- 
tory and  in  the  St  Lawrence  valley,  which  is  the  explanation  of  the 
late  date  of  this  report.1 

The  glacial  features  in  the  Hudson-Champlain  valley  have  been 
described  by  Professor  Woodworth  in  Bulletin  84  (no.  82  of  the 
appended  bibliography)  and  Bulletin  83,  on  the  Mooers  quadrangle 
(81).  In  these  writings  Professor  Woodworth  gave  emphasis  to 
the  glacial  features;  the  stages  of  the  waning  glacier  and  the 
dwindling  ice  tongues,  the  positions  and  form  of  the  ice  margins, 
the  ice  contacts,  the  moraines,  the  outwash  and  glacial  terraces. 

The  intent  of  the  present  writing  is  to  draw  attention  to  the 
proofs  of  marine  submergence  and  to  describe  the  more  striking 
features,  and  to  aid  in  the  study  of  the  diastrophic  problem  con- 
nected with  the  latest  glaciation. 

1 Grateful  acknowledgment  is  made  to  the  Hon.  James  R.  Macfarlane,  of 
Pittsburgh,  Pa.,  for  providing  transportation  in  the  Malone-Potsdam  district. 
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ABSENCE  OF  LAKES  IN  THE  HUDSON-CHAMPLAIN 

VALLEY 

Following  the  latest  ice  sheet  no  waters  were  held  in  the  valley 
above  sea  level,  and  the  earlier  geologists  were  right  in  attributing 
the  deltas  and  shore  features  to  an  incursion  of  the  sea.  But  in 
later  years  the  assumption  of  even  higher  elevation  of  the  land 
instead  of  lower  at  the  time  of  the  ice  removal,  and  the  postulation 
of  lakes  in  the  valley  instead  of  sea-level  water,  makes  some 
present  discussion  of  the  subject  necessary. 

It  is  evident  that  no  waters  could  be  hemmed  in  by  glacier  ice  on 
the  south ; hence  there  could  be  no  glacier  lakes.  And  the  term 
“ glacial  ” applied  to  the  Albany  and  Vermont  waters  is  a misnomer. 
The  only  possible  high-level  or  lake  waters  would  be  “ morainal  ” 
or  “ drift  barrier  ” ; or  lakes  with  land  barrier.  In  other  words, 
any  nonmarine  waters  in  the  Hudson- Champlain  valley  would  have 
required  either  morainal  blockade  or  uplift  of  land  on  the  south. 

Long  ago  Upham  assumed  land  uplift  of  the  continental  border 
in  order  to  hold  up  the  Champlain  high  waters  (5,  page  486;  6, 
page  508).  We  now  find  that  the  summit  water  plane  in  the  valley, 
clearly  marked  by  abundance  of  shore  phenomena  (see  plate  10), 
does  not  drop  to  sea  level  until  far  south  of  Staten  island,  and  the 
gratuitous  land  barrier  would  have  to  lie  far  out  to  sea ; and  would 
have  to  extend  around  the  New  England  coast  so  as  to  block  off 
Long  Island  sound.  This  conception  of  a land  barrier  has  no  basis 
in  any  evidence  or  argument  submitted,  and  may  be  dismissed. 
Land  uplift  in  the  Glens  Falls  district  sufficient  to  block  the  earlier 
and  higher  Champlain  waters  is  disproved  later  in  this  writing. 

Morainal  dams  might  be  postulated  for  tli3  narrow  places  in  the 
Hudson  valley.  The  most  suggestive  location  for  a drift  barrier  is 
at  the  Narrows/the  crossing  by  the  terminal  moraine.  But  it  will 
be  recognized  that  the  escaping  waters  would  effect  a passage 
through  the  narrow  dam  of  morainal  drift.  The  Hudson  waters 
were  deep  and  long  lived,  as  proved  by  the  extensive  and  thick 
clays  and  the  broad  deltas,  and  no  drift  barrier  could  stand  up  for 
•any  length  of  time  against  heavy  outflow.  In  this  connection  it 
must  be  realized  that  the  outflow  carried  not  only  the  land  drainage 
of  that  time  but  the  large  volume  of  water  from  the  melting  glacier ; 
and  that  after  the  ice  front  had  receded  as  far  north  as  Albany  all 
the  drainage  now  carried  by  the  St  Lawrence  river,  augmented  by 
the  ablation  of  a thousand  miles  of  the  ice  front,  passed  out  through 
the  Hudson  valley.  These  facts  apply  also  to  any  other  location  of 
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possible  drift  barrier,  like  the  narrow  section  of  the  Highland, 
below  West  Point.  And  no  belt  of  drift,  marking  any  strong  reces- 
sional moraine,  has  been  recognized  in  the  valley  north  of  the  ter- 
minal moraine.  It  may  be  noted  that  a blockade  at  the  Narrows 
would  be  ineffective  with  the  Harlem  valley  and  Long  Island  sound 
open. 

For  the  Champlain  valley  a possible  land  barrier  is  the  col  or 
divide  between  Fort  Edward  and  Whitehall.  But  it  has  been  shown 
(93,  page  10)  that  the  divide  is  not  a river  channel,  or  at  least  has 
not  carried  any  stream  flow  in  Postwisconsin  time.  Moreover  the 
conspicuous  terraces  built  in  standing  iwater  lie,  continuous,  on 
both  sides  of  the  valley  up  to  300  feet  over  the  col.  Indeed,  it  is 
important  to  note  that  at  any  point  where  any  kind  of  dam  can  be 
proposed,  in  either  the  Hudson  or  the  Champlain  section  of  the 
great  valley,  the  evidence  of  long-standing  water  will  be  found 
immediately  below  (south  of)  the  dam  site  at  an  altitude  quite  as 
high  as  above  (north  of)  the  station. 

An  idea  has  been  held  that  some  of  the  shore  features,  especially 
for  the  valleys  of  New  England,  were  the  product  of  ice-border 
lakes ; the  waters  being  held  in  embay ments  of  the  valley  walls  by 
the  lobations  of  the  ice  margin.  In  the  Hudson-Champlain  valley 
such  lateral  pondings  would  be  possible  at  only  a few  localities, 
where  deep  embayments  or  tributary  valleys  were  limited  on  the 
south  by  bold  salients.  A steady  water  level  of  some  duration 
would  require  a land  outlet,  and  such  should  be  dicoverable.  If 
the  escape  of  the  water  was  alongside  the  ice  margin,  as  must 
nearly  always  have  been  the  case,  the  impounded  waters  would  be 
inconstant  in  level  and  ephemeral,  and  the  shore  features  would  be 
weak  and  indefinite.  Even  if  recognizable  deltas  or  other  inscrip- 
tions were  left  by  the  marginal  waters,  those  of  the  separate  lakes 
would  have  no  consistent  relationship  in  altitude.  The  only  locali- 
ties in  the  great  valley  where  shore  phenomena  are  found  that 
might  suggest  marginal  waters  are  at  West  Point,  Crown  Point, 
Port  Henry  and  at  Port  Kent  and  Keeseville.  But  even  granting 
the  efficiency  of  marginal  lakes  in  a few  embayments,  this  does  not 
explain  the  fact  of  strong,  practically  continuous  and  consistent 
shore  features  the  whole  length  of  the  valley.  Marginal  glacial 
waters  are  probably  a negligible  factor  in  the  Hudson-Champlain 
valley,  and  for  all  the  New  England  valleys  that  declined  away 
from  the  ice  front  directly  toward  the  open  sea. 

A fair  consideration  of  the  factors  involved  in  the  valley  his- 
tory, and  of  the  features  seen  in  the  field,  will  rule  lake  waters  out 
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of  consideration.  No  rational  explanation  of  the  high-level  water 
plane  in  the  Hudson-Champlain  valley  is  found  except  confluence 
with  the  sea.  In  other  words,  the  waters  were  estuarine;  as  long 
ago  recognized  by  Mather,  Merrill,  Ries,  Davis  and  Darton.  No 
facts  or  serious  arguments  have  ever  been  presented  to  meet  the 
evidence  of  marine  submergence  in  the  lower  Hudson  presented 
long  ago  by  these  eminent  geologists.  After  describing  high-level 
terraces  in  New  Jersey,  Staten  island,  Long  Island  and  the  lower 
Hudson,  which  could  have  no  other  than  oceanic  relation  (82, 
pages  90-114)  Woodworth  postulated  lake  waters  in  the  upper 
Hudson  and  for  the  higher  Champlain  beaches.  Veatch,  Fuller 
and  Crosby  have  asserted  that  the  land  stood  at  or  above  its  present 
level  when  the  ice  sheet  abandoned  Long  Island,  but  they  do  not 
mention  the  abundant  evidence  of  deep  waters  in  the  lower  Hudson 
district  given  in  the  writings  of  the  men  named  above,  including 
Salisbury  for  later  writings.  It  is  unquestioned  that  we  have 
marine  fossils  up  to  300  or  400  feet  altitude  in  the  Champlain 
valley,  and  water-laid  terraces  up  to  80  feet  in  the  New  York 
region,  facing  the  open  sea.  Hence  the  doubtful  element  would 
seem  to  be  only  the  status  of  the  Hudson  valley  and  the  higher 
Champlain  features.  Instead  of  further  negative  discussion  let  us 
take  up  the  positive  side. 

EVIDENCE  OF  OCEAN-LEVEL  WATERS 

1 Character  of  the  Valley  Deposits 

The  widespread  and  deep  clays  of  the  Connecticut,  Hudson  and 
Champlain  valleys,  and  in  the  Winooski  and  Lamoille  valleys  tribu- 
tary to  the  Champlain,  are  clear  proof  of  deep  or  at  least  quiet 
waters.  In  the  Champlain  region  the  clays  are  very  extensive  and 
carry  marine  fossils,  but  are  not  genetically  different  from  those 
of  the  Connecticut  or  Hudson. 

In  the  Hudson  valley,  one  of  the  greatest  brick-making  districts 
in  America,  the  clays  rest  on  till  or  glaciated  rock.  Their  horizon- 
tality  and  undisturbed  character  show  that  they  have  not  been  over- 
ridden by  any  ice  sheet,  and  are  of  Postwisconsin  age.  The  infre- 
quent crumpling  observed  is  common  in  silt  and  clay  beds,  as  an 
effect  of  slumping.  Their  large  content  of  lime  and  occasional 
occurrence  of  large  glacial  boulders  proves  that  the  waters  were 
laving  the  receding  ice  front. 

The  capping  of  sand  and  gravel  over  the  clay  beds  is  a necessary 
effect  of  the  shallowing  waters,  due  to  the  land  uplift;  the  land 
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streams  extending  their  flow  and  spreading  coarse  detritus  over 
earlier  deep-water  deposits.  The  heavier  clay  areas  are  the  deltas 
of  the  larger  tributary  rivers,  where  the  detritus  of  land  drainage 
was  added  to  the  glacial  contribution. 

It  is  probable  that  in  some  sections  of  the  Hudson  valley  the 
clay  strata  extended  entirely  across  the  channel,  and  that  the  present 
beds  are  only  remnants  of  the  original  deposits.  Certainly  the 
clays  were  laid  down  in  water  of  depth  sufficient  to  give  very  quiet 
conditions,  but  now  they  lie  far  above  the  water.  In  the  section  of 
the  valley  at  Newburgh,  Kingston  and  Catskill  the  homogeneous 
brick  clays  extend  up  to  over  ioo  feet  above  the  water,  and  in 
places  have  a thickness  of  140  feet.  The  map  of  isobases  (plate  9) 
shows  a total  uplift  at  Kingston  of  about  200  feet,  which  affords 
the  requisite  depth  for  accumulation  of  the  thick  deposit. 

In  the  Connecticut  valley  the  massive  clays  extend  far  north.  At 
Wells  River,  Vermont,  the  top  of  a pit  by  a brick  factory  is  535 
feet  above  tide,  and  the  uplift  of  the  locality  has  been  about  650 
feet.  At  Waterbury,  on  the  Winooski  river,  at  least  70  feet  of 
clay  is  exposed,  reaching  up  to  about  510  feet,  and  lying  on  about 
the  same  isobase  as  Wells  River.  Any  number  of  localities  might 
be  cited  to  prove  from  thick  clay  deposits  the  fact  of  deep  water, 
and  showing  the  correspondence  of  the  present  altitude  with  the 
amount  of  land  uplift  since  glacial  time. 

Details  concerning  the  Hudson  clays  will  be  found  in  Ries’s 
articles  (33-36),  and  with  regard  to  depth  and  distribution  in  the 
paper  of  C.  C.  Jones  (40). 

2 Summit  Shore  Phenomena 

Evidences  of  high-level  standing  water  throughout  the  great 
valley,  and  at  heights  now  far  above  sea  level,  a.re  obtrusive  to  even 
the  casual  observer.  Some  careful  study  reveals  that  the  summit 
plane  of  the  raised  shore  line  is  practically  continuous  from  Staten 
island  to  Canada.  The  only . long  breaks  in  the  line  of  summit 
features  are  along  the  Palisades  and  in  the  narrow  mountain  sec- 
tions of  the  valley,  in  the  Highlands  and  the  Whitehall  district,, 
where  the  steep  rock  walls  gave  no  lodgment  for  the  meager  amount 
of  either  glacial  or  stream  drift.  On  Manhattan  island  and  about 
New  York  bay  the  building  operations  and  “ improvement  ” have 
largely  destroyed  or  obscured  the  water  inscriptions  of  the  geologic 
record. 

Woodworth  records  terraces  in  New  Jersey  with  altitude  of  40- 
feet  (82,  page  88) ; on  Long  Island,  up  to  80  feet  (page  91,  and  51, 
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page  645)  ; and  northward  up  the  Hudson  at  rising  levels.  Salis- 
bury after  years  of  detailed  study  of  the  New  Jersey  Pleistocene 
concluded  that  the  state  had  been  submerged  since  the  ice  removal 
to  a depth  of  100  feet  00  the  north  boundary  (41,  pages  196-2 13,. 
508-13).  It  will  be  seen  in  the  diagram  (plate  10)  that  these  eleva- 
tions agree  with  the  projected  plane  of  the  upraised  shore  line.  As 
this  plane  does  not  drop  to  sea  level  until  far  south  of  New  York 
there  seems  no  way  of  excluding  the  tide,  and  we  must  believe  that 
these  shore  features  are  oceanic. 

The  line  of  shore  phenomena,  rising  steadily  northward,  is 
clearly  marked  all  the  way  to  Canada,  except  for  the  breaks  above 
noted,  and  on  both  sides  of  the  great  valley.  The  altitudes  on  the 
two  sides  of  the  valley  coincide  perfectly,  on  the  isobases  (see 
maps).  The  shore  features  are  found  in  excellent  form  in  Ver- 
mont, with  altitude  agreement  with  the  New  York  shore;  and  have 
been  described  in  paper  no.  92. 

The  important  fact  to  note  is,  that  this  shore  line  is  a unit;  it 
was  produced  by  a single  body  of  water.  A second  important  fact 
is,  that  the  water  stood  at  sea  level,  was  confluent  with  the  ocean,, 
following  the  receding  ice  front. 

The  broad,  conspicuous  sand  plains  and  the  stronger  beaches 
are  commonly  inferior  to  the  summit  or  initial  level,  especially  in 
the  Champlain  valley.  The  determination  of  the  summit  plane, 
which  is  commonly  weak,  may  require  special  study. 

At  the  earliest  level  the  waters  lay  650  feet  deep  over  what  is 
now  the  north  end  of  Lake  Champlain ; and  were  300  feet  over  the 
Fort  Edward  divide. 

It  is  interesting,  as  a bit  of  economic  geography,  to  note  that 
many  villages  and  cities  are  built  on  the  delta  sand  plains  of  this 
water  level.  Examples  are  West  Haverstraw,  North  Haverstraw, 
Peekskill,  West  Point,  Newburgh,  Beacon,  Wappinger  Falls,. 
Poughkeepsie,  Hyde  Park,  Kingston,  Rhinebeck,  Saugerties,  Kin- 
derhook,  Niverville,  Ballston  Spa,  Greenwich  and  Elizabethtown. 
In  Vermont,  several  villages  are  on  plains  of  inferior  or  later  levels. 
Bristol  is  situated  on  a summit  delta  plain  built  by  the  New  Haven 
river  where  it  emerged  from  the  Green  mountains  and  poured  into- 
the  sea-level  waters  (92,  page  22)'. 

3 Differential  Uplift  of  the  Marine  Shore  Line 

Plates  9 and  10 

The  deformation  of  the  shore  line  throughout  the  Hudson- 
Champlain  and  St  Lawrence-Ontario  valleys  proves  that  the  vaL 
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leys  were  far  below  sea  level  when  the  latest  ice  sheet  withdrew. 
The  Iroquois  shore  line  adds  positive  confirmation. 

The  deformation  or  tilting  is  due  to  northward  differential  uplift. 
It  would  only  introduce  complexity  and  unreason  to  assume  that 
the  New  York  end  of  the  shore  line  had  subsided  from  some 
higher  position.  And  it  must  be  admitted  that  the  shore  line,  as  a 
consistent  unit,  representing  a single  water  body,  was  originally 
horizontal. 

The  accompanying  maps  and  the  diagram  (plate  io)  give  the 
main  facts  showing  the  uplift  of  the  territory.  It  will  be  very 
difficult  to  determine  the  point  of  no  uplift,  as  the  southern  border 
of  the  tilted  area  must  grade  imperceptibly  into  the  unaffected 
area.  It  is  also  recognized  that  minor  positive  and  negative  move- 
ments, and  perhaps  some  unknown  factors,  have  possibly  confused 
the  record.  Where  the  old  shore  has  an  altitude  less'  than  20  or  30 
feet  the  wave  inscriptions  are  weak  and  equivocal. 

Some  details  regarding  the  character  of  the  shore  line  and  the 
plotting  of  the  line  in  plate  10  belong  in  a later  chapter  (page  23). 

4 Evidence  of  Uplift  from  Lake  Iroquois 

Plates  4 -7 

The  Iroquois  shore,  taken  by  itself,  clearly  proves  the  large 
uplift  at  Covey  hill.  In  conjunction  with  the  shore  lines  of  the 
higher  and  earlier  glacial  lakes  it  is  positive  that  the  deformation 
is  a northward  uplift,  in  direction  N 20°  E. 

The  Iroquois  beach  is  now  well  known  throughout  the  entire 
basin,  from  Hamilton,  Ontario,  to  the  place  of  its  extinction.  It 
is  the  closing  level  of  a single  water  body.  The  beach  rises  from 
362  feet  at  Hamilton  to  1030  feet  at  the  Covey  outlet.  This  gives 
a northward  differential  uplift  at  Covey  outlet  of  668  feet.  The 
north  boundary  of  the  State  was  therefore  as  much  as  668  feet 
lower  than  it  is  today  at  the  time  when  Lake  Iroquois  was  extin- 
guished. And  it  was  also  as  much  lower  than  the  668  feet  by 
whatever  amount  Hamilton  has  risen  since  the  death  of  Iroquois. 
A glance  at  plate  9 shows  that  the  total  uplift  at  Hamilton  in 
Glacial  time  is  195  feet,  which  has  been  determined  by  the  differ- 
ential uplift  of  the  glacial  lake  beaches  earlier  than  Iroquois.  The 
tabulation  of  data,  plate  12,  makes  the  Post-Iroquois  uplift  at  Ham- 
ilton 72  feet.  That  is  to  say,  that  of  the  195  feet  rise  at  Hamilton 
only  72  feet  is  needed  to  add  to  the  668  feet  at  Covey  in  order  to 
make  the  740  feet  uplift  shown  by  the  marine  shore. 


Plate  4 
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5 Evidence  from  the  Connecticut  Valley  and  Long  Island 

Plate  3 

The  Connecticut  valley,  like  the  Hudson,  is  filled  with  clay  and 
sand  plains,  deltas,  terraces  and  occasionally  beaches  due  to  deep 
standing  water.  The  valley  held  an  estuary  contemporaneous  with 
the  Hudson-Champlain  estuary.  The  facts  for  the  Connecticut 
valley  have  been  concisely  given  in  a former  publication  (69). 

The  isobases  in  plate  9 were  originally  drawn  to  connect  points 
of  equal  altitude  on  the  marine  shores  of  the  Connecticut  and  the 
Hudson  valleys;  and  they  are  found  to  be  in  accord  with  all  knowl- 
edge to  date. 

An  examination  of  Long  Island  shows  that  it  was  also  sub- 
merged to  the  extent  indicated  by  the  isobases ; and  the  facts  are 
on  record  in  a recent  paper  (55).  The  proofs  of  Long  Island  sub- 
mergence, especially  at  the  eastern  end  of  the  island,  are  so  abundant 
and  evident  that  it  seems  strange  they  should  have  been  so  long 
overlooked. 

It  will  be  found  that  these  isobasal  lines  of  plate  9,  with  some 
greater  curvature,  will  mark  the  amount  of  the  Postglacial  submer- 
gence and  subsequent  uplift  of  New  England  and  the  Maritime 
provinces. 

6 Postglacial  Submergence  of  New  England  and  Canada 

It  is  well  known  that  New  England  and  eastern  Canada  have 
been  elevated  since  glacial  time.  The  occurrence  of  abundant 
marine  fossils  in  extensive  areas  and  far  above  present  sea  level  is 
indisputable  proof  of  submergence.  But  the  extent  of  the  sub- 
mergence has  probably  not  been  appreciated,  and  certainly  has  not 
been  accurately  determined. 

The  Canadian  geologists  have  recorded  many  evidences  of  stand- 
ing waters  and  many  localities  of  marine  fossils  at  high  altitudes  in 
the  St  Lawrence  and  Ottawa  valleys,  and  eastward,  to  which  the 
geologists  of  the  United  States  have  not  given  sufficient  attention. 
The  occurrence  of  marine  fossils  far  over  present  sea  level  and 
other  evidences  of  deep  glacial  and  postglacial  submergence  caused 
the  Canadian  geologists  to  place  some  overemphasis  on  the  work  of 
floating  ice  and  icebergs  in  explanation  of  the  glacial  phenomena. 
But  it  must  be  admitted  that  in  the  fact  of  deep  marine  waters  over 
eastern  Canada  the  Canadian  students  had  very  good  basis  for  their 
ice-flotation  theory. 

The  recognition  of  the  work  of  the  Labradorian  ice  sheet  over 
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most  of  the  glaciated  territory  as  that  of  land  ice  has  resulted  in 
the  neglect,  especially  by  the  geologists  of  the  United  States,  of  the 
evidences  of  deep  marine  submergence  in  Canada  and  New  Eng- 
land. With  the  emphasis  on  land  glaciation  we  have  discounted  or 
ignored  the  former  observations  of  the  “ diluvialists 57  and  “ ice- 
bergists,”  and  have  minimized  the  amount  of  land  depression  during- 
the  removal  of  the  ice  sheet,  and  have  neglected  its  study. 

The  writings  of  Robert  Bell,  J.  W.  Dawson,  R.  W.  Ells,  Robert 
Chalmers  and  A.  P.  Low  contain  much  reliable  data  concerning  the 
occurrence  of  marine  organisms  at  high  altitudes  and  of  broad  sand 
plains  and  extensive  deep  clays,  all  pointing  to  widespread  and 
deep  oceanic  waters.  A few  of  the  writings  of  the  authors  named 
above,  and  of  A.  P.  Coleman  for  the  Ontario  district,  are  listed  in 
the  bibliography.  A good  resume  of  the  studies  up  to  1897  is  given 
by  Ells  (143).  The  Canadians  found  evidence  of  submergence  10- 
1000  feet  or  over  as  far  west  as  Montreal  and  the  Ottawa  valley. 
Sir  William  Dawson’s  claim  of  shore  features  at  a height  of  75a 
feet  on  Mount  Royal  is  probably  true,  for  it  now  appears  that  the 
marine  waters  passed  over  the  summit.  The  marine  plane  is  800 
feet  at  the  south  end  of  Lake  Memphramagog. 

7 Testimony  of  Former  Students 

All  the  earlier  geologists  in  referring  to  the  features  of  the  Hud- 
son valley  assumed  their  estuarine  character.  As  early  as  1843 
Mather  listed  the  larger  deltas  north  of  Newburgh  and  Fishkill,. 
and  in  his  summary  said : “ It  is  considered  evident  that  a vast 

inland  sea  once  occupied  what  may  be  called  the  basin  of  the  St 
Lawrence  and  Hudson  valleys  since  the  period  of  the  drift  deposits.”" 
(28,  page  157). 

In  1891  F.  J.  H.  Merrill  published  two  papers  in  description  of 
the  Hudson  deposits  and  recognized  their  estuarine  character,  and 
the  delta  origin  of  the  Albanv-Schenectady  plain.  His  figure  for 
the  submergence  at  New  York  City  was  80  feet,  which  is  correct 
for  the  north  end  of  Manhattan  island.  In  this  paper  he  noted  the 
terraces  on  Staten  island,  and  correlated  them  with  the  broad  sand 
plains  of  the  south  side  of  Long  Island  and  with  the  plains  in  the 
Hudson  valley.  He  seems  to  have  been  the  first  geologist  to  appre- 
ciate the  relationship  of  these  detached  features.  And  he  showed 
his  insight  and  appreciation  of  the  problem  by  giving  the  first 
explanation,  and  a true  one,  for  the  absence  of  beaches.  This 
point  will  be  considered  later. 
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In  1891  and  1892  Heinrich  Ries  published  descriptions  of  the 
massive  clays  of  the  Hudson  valley  (33,  34),  from  Croton  Point  to 
Albany,  and  in  later  publications  (35,  36)  gave  detailed  description 
which  proved  their  estuarine  origin. 

N.  H.  Darton,  in  1894,  published  descriptions  of  the  Pleistocene 
deposits  of  the  counties  of  Albany  (38)  and  Ulster  (39).  He  also 
regarded  the  deposits  as  the  “products  of  a submergence  at  the 
close  of  the  Glacial  epoch,”  and  drew  a map  of  the  “ Champlain 
submergence”  of  the  Albany  district  (38,  page  359). 

An  admirable  description  of  the  delta  of  the  Catskill  in  the  Hud- 
son estuary  was  published  by  W.  M.  Davis  in  1892  (37).  He 
clearly  recognized  that  the  Champlain  submergence  involved  the 
Hudson  valley.  His  value  for  the  summit  of  the  Catskill  delta, 
about  275  feet,  is  precisely  correct,  as  shown  by  the  profile,  plate  10. 

In  his  Glacial  Geology  of  New  Jersey,  R.  D.  Salisbury  describes 
the  features  due  to  Postglacial  submergence,  and  says  that  the 
water  plane  has  about  100  feet  altitude  at  the  north  border  of  the 
state.  This  is  in  accordance  with  the  plotted  profile. 

Some  later  writers  on  Long  Island  stratigraphy  and  glacial  beds 
have  assumed  or  asserted  an  uplifted  attitude  of  the  lower  Hudson 
district,  but  have  passed  over  the  earlier  writings  and  entirely 
ignored  the  clear  and  positive  evidence  of  submergence. 

For  the  Connecticut  valley  the  detailed  studies  of  B.  K.  Emerson 
show  conclusively  that  the  high  sand  plains  and  the  extensive  clay 
fields  were  the  products  of  standing  water,  which  he  called  “ Con- 
necticut lakes,”  and  could  not  be  the  results  of  a swollen  river 
(66,  67).  His  altitudes  for  the  water  plane  on  the  north  and  south 
lines  of  Massachusetts  are  values  used  in  the  map  of  isobases, 
plate  9. 

Students  of  the  Champlain  section  of  the  great  valley  have  made 
too  much  distinction  between  the  lower  deposits  which  carry  salt- 
water fossils  and  the  upper  plains  and  terraces  without  fossils. 
There  is  probably  also  a psychologic  factor  involved.  The  invoking 
of  “glacial  waters”  may  have  been  due  in  part  to  a tendency  to 
utilize  the  new  thought  in  Pleistocene  geology,  the  existence  and 
effect  of  ice-dammed  waters.  The  recognition  of  glacial  lakes 
came  during  the  seventies  of  the  past  century,1  and  has  been  a 
most  useful  conception..  But  it  was  always  incumbent  on  an  author 
who  postulated  glacial  waters  to  find  the  control,  or  locate  the  out- 
let and  correlate  the  levels  and  beaches  with  their  outlets.  There 


1 Proc.  Amer.  Assn.  Adv.  Sci.,  47 : 285-287 ; Amer.  Geol.,  22 : 183-86.  1898. 
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has  been  too  much  reference  of  static  water  features  of  unknown 
relationship  to  “ glacial”  without  proving  the  fact.  The  writer 
can  not  be  charged  with  any  prejudice  against  glacial  lakes;  but  he 
has  named  no  lake  without  knowing  its  control. 

ABSENCE  OF  MARINE  LIFE  IN  THE  HUDSON  VALLEY 

No  well-attested  marine  fossils  have  been  found  in  the  Hudson 
valley,  or  in  the  higher  water-laid  deposits  of  the  Champlain  valley. 
Partly  for  this  reason  the  appeal  has  been  made  to  glacial  waters. 

The  tides  are  felt  in  the  Hudson  “ river  ” to  Albany,  but  brackish 
water  reaches  only  to  about  Poughkeepsie,  and  salt  water  organisms 
pass  up  the  Hudson  only  to  the  Highlands.  The  problem  relating 
to  the  Pleistocene  waters  becomes  simply  the  exclusion  of  salt 
water. 

When  the  receding  ice  front  was  slowly  giving  place  to  the  deep 
estuarine  water  in  the  Hudson  valley  these  were  loaded  with  silt, 
for  the  land  drainage  was  gathering  in  the  freshly  laid  mantle  of 
drift  and  the  melting  glacier  was  contributing  its  load  of  rock  flour. 
The  thick  clay  beds  resting  on  the  till  or  glaciated  rock  are  suffi- 
cient evidence.  The  waters  were  cold  and  muddy,  and  unfavorable 
to  nearly  all  forms  of  marine  life. 

Another  deterrent  factor  was  the  volume  of  fresh  water.  The 
ablation  of  the  glacier  probably  supplied,  even  in  the  lower  Hud- 
son, sufficient  fresh  water  to  exclude  the  salt-water  fauna.  And 
when  the  ice  front  receded  to  Albany  the  flood  from  the  Ontario 
basin  swept  into  the  Hudson,  and  for  long  ages  subsequent  all  the 
drainage  now  represented  by  the  St  Lawrence,  plus  the  water  from 
the  melting  of  the  ice  sheet  for  a thousand  miles  on  the  west,  were 
forced  south  through  the  narrow  passes  at  Whitehall,  West  Point 
and  the  Palisades.  And  during  this  stage  the  wave  uplift  of  the 
glaciated  territory  had  probably  lifted  the  lower  Hudson  valley  to 
nearly  its  present  height.  Such  uplifted  condition  is  indicated  in 
the  maps,  plates  i and  2. 

When  the  ice  front  reached  Covey  hill  the  outdrainage  of  the 
Laurentian  basin  was  merely  shifted  from  the  Mohawk  pass  to  the 
Covey  pass,  and  the  cold,  fresh  waters  still  passed  south.  When 
the  ice  front  recession  let  Lake  Iroquois  fall  and  blend  into  the 
sea-level  waters,  so  that  the  latter  occupied  the  Ontario  basin  (see 
plates  2,  3,  5),  the  ultimate  outlet  was  the  same.  And  this  south- 
ward flow  through  the  Hudson  of  all  the  glacial  waters,  and  the 
land  drainage,  from  Duluth  to  Maine,  persisted  until  the  waning  of 
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the  ice  margin  on  Maine  and  New  Brunswick  opened  a strait  to 
the  St  Lawrence  gulf.  Then,  but  not  before,  salt  waters  entered 
the  lower  St  Lawrence  valley,  and  slowly  worked  up  into  the  Cham- 
plain valley. 

However,  by  the  time  salt  water  reached  the  Champlain  valley  a 
decided  change  in  the  physiography  had  occurred.  During  the 
many  thousands  of  years  in  the  history  sketched  above  land  uplift 
had  been  in  progress  in  the  areas  relieved  of  the  burden  of  the  ice 
cap,  and  the  earlier  shore  lines  of  the  Hudson-Champlain  had 
undoubtedly  been  raised  much  above  the  waters.  How  much  eleva- 
tion had  occurred  before  salt-water  life  entered  the  Champlain 
waters  we  can  not  now  determine.  A lifting  of  300  feet  at  Fort 
Edward,  of  the  450  feet  total  rise,  would  have  entirely  broken  the 
connection  between  the  Champlain  and  the  Hudson  waters.  And 
long  before  the  connection  was  broken  the  long  stretch  of  the 
narrow  strait  with  its  receipt  of  land  drainage  from  a large  terri- 
tory from  both  Vermont  and  New  York  would  have  discouraged 
marine  life  from  making  the  southward  journey. 

It  would  appear  from  the  known  history  and  the  probable 
physical  conditions  that  marine  fossils  should  not  be  found  in  the 
Hudson  valley  or  in  the  higher  Champlain  deposits. 

ABSENCE  OF  BEACHES  IN  THE  STATEN  ISLAND 

REGION 

No  continuous  beaches  (bars,  cliffs  and  terraces)  would  be 
expected  in  the  narrow  stretches  of  the  Hudson  valley.  But  the 
absence  of  distinct,  positive  beaches  on  the  New  Jersey  coast,  Staten 
Island  and  Long  Island  has  been  a cause  of  perplexity  even  to  those 
who  accept  postglacial  submergence.  The  necessity  for  beaches 
on  a submerged  land  has  been  tacitly  assumed  by  most  writers.  It 
is  believed  that  this  assumption  is  wrong. 

Merrill  realized  this  difficulty,  and  was  the  first  writer  to  sug- 
gest an  explanation  (30,  pages  105-9).  In  a recent  paper  the 
writer  quoted  liberally  from  Merrill's  argument  (55,  pages  299, 
301),  but  for  the  present  purpose  it  may  be  sufficient  to  quote  the 
conclusion  of  his  analysis  of  the  mechanics  of  beach  erosion: 

. . . for  the  present  purpose  which  is  simply  to  point  out  the  fact  that  a 
land  surface  in  process  of  subsidence  or  emergence  may  be  subjected  to  wave 
action  without  being  incised  with  distinct  shore  lines,  and  also  that  wave 
action  may  produce  an  inclined  plane  as  well  as  a terrace  or  base  level. 

It  is  therefore  evident  that  submergence  would  not  leave  a deeply  cut  shore 
line  as  its  record  unless  the  rates  of  land  movement  were  so  adjusted  as  to 
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permit  of  it.  In  fact  no  very  distinctly  cut  shore  lines ’are  to  be  found  on 
the  drift  about  New  York  even  at  an  altitude  corresponding  to  that  of  the 
Hudson  estuary  deposits.  Apart  from  the  still-water  deposits  the  8o-foot 
postglacial  depression  about  New  York  can  only  be  traced  by  change  of 
surface  slope  and  material  at  this  level.  Even  these  two  varieties  of  evidence 
are  not  always  coexistent. 

Beach  phenomena  have  scarcely  been  recognized  on  territory  of 
New  England  which  was  almost  certainly  submerged  during  the 
removal  of  the  ice  sheet.  Professor  Shaler  explained  the  lack  of 
beaches  on  Martha’s  Vineyard  and  Nantucket  by  the  too  rapid  lift- 
ing of  the  shores. 1 

To  the  above  sound  and  quite  sufficient  argument  something  may 
be  added.  On  the  open  sea  shores  of  Long  Island  and  Staten 
Island  there  was  an  inhibiting  factor  besides  the  rising  of  the  land, 
namely,  the  tidal  fluctuations  of  level.  A very  little  change  in  the 
water  level  may  effect  large  difference  in  the  force  and  direction  of 
shore  currents  and  effectively  change  the  plane  of  bar  construction 
or  of  beach  erosion. 

However,  there  is  an  erosion  cliff  on  the  face  of  Staten  island 
and  on  the  west  end  of  Long  Island  as  far  as  Lake  Surprise,  6 
miles  beyond  Jamaica.  This  has  been  recognized  as  a possible 
beach,  and  Fuller  has  given  a clear  description  of  it  as  “ the  great 
inland  cliff  of  western  Long  Island”  (54,  page  54).  He  clearly 
proves  the  origin  of  the  cliff  as  by  marine  erosion,  but  makes  it 
earlier  than  the  end  of  the  Wisconsin  epoch.  But  the  altitude  and 
slant  of  this  and  the  Staten  Island  cliff  agree  with  our  map,  plate  9. 

The  above  discussion  relates  particularly  to  erosional  shore  fea- 
tures. Constructional  features,  bars  and  embankments  are  more 
common  and  under  favorable  conditions  more  readily  produced  by 
waves.  It  might  properly  be  expected  that  bars  and  beach  ridges 
would  appear,  especially  on  the  broad  sand  plains  of  the  south  side 
of  Long  Island.  . The  lack  of  such  phenomena  has  been  a strong 
point  for  these  who  assert  nonsubmergence. 

Students  of  ancient  shore  lines  find  gaps  along  beaches  that  are 
commonly  strong.  It  requires  considerable  time  for  wave  and 
shore  currents,  even  at  steady  levels,  to  bridge  unfavorable 
stretches.  On  shores  as  strong  as  those  of  the  glacial  Lake  Warren 
and  Lake  Iroquois  localities  are  found  with  only  smooth,  wave- 
washed  slopes  comparable  to  the  low  surfaces  of  Long  Island  and 
Staten  Island.  Following  the  removal  of  the  sheet  the  land  rose 

1 Geology  of  Martha’s  Vineyard.  Seventh  Annual  Tep’t,  U.  S.  Geol.  Sur- 
vey, 1888,  p.  321. 
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rapidly  (or  slowly,  according  to  mental -viewpoint)  and  the  mechani- 
cal conditions  produced  by  the  constant  shifting  of  the  zone  of 
wave  attack  were  unfavorable  for  bar  construction,  especially  in 
tidal  waters,  the  same  as  for  erosional  work. 

And  there  is  another  deterrent  factor  which  has  not  been  recog- 
nized in  this  study,  of  perhaps  even  more  effect  than  the  change  of 
water  level.  Plates  3-5  show  the  location  of  beaches  about  the 
Covey  Hill  salient.  The  summit  marine  shore  is  very  strong  on 
the  Champlain  side  of  the  highland,  being  represented  in  places  by 
remarkable  vertical  series  of  strong  cobble  bars  and  gravel  banks 
as  far  south  as  the  parallel  of  Port  Kent,  the  south  edge  of  the 
Dannemora  quadrangle,  plate  8.  On  the  lower  slope  of  Covey  hill 
at  an  elevation  of  525  feet,  215  feet  below  the  summit  shore,  is  a 
splendid  series  of  heavy  cobble  bars,  which  was  formerly  thought 
to  represent  the  marine  summit.  The  top  of  this  inferior  series  of 
bars  lies  at  Covey  Hill  post  office,  and  curves  westward  about  the 
hill  at  Stock  well,  Maritana  and  Franklin  Center,  and  enters  New 
York  north  of  Chateaugay.  When  we  follow  this  shore  line  south 
from  Covey  hill  we  find  a notable  set  of  bars  one  mile  south  of  the 
international  boundary,  and  a good  display  at  Sciota  and  also  west 
of  West  Chazv.  But  as  we  pass  farther  south,  on  to  the  Danne- 
mora quadrangle  the  shore  features  of  the  Franklin  Center  series 
practically  disappear.  On  the  north  edge  of  the  sheet,  2 miles 
northeast  of  West  Plattsburg,  this  level  of  the  lowering  waters  is 
only  a rolling  plain  of  sand,  like  many  other  broad  stretches  in  the 
submerged  Champlain  region  all  devoid  of  beach  phenomena.  But 
the  waters  stood  here  just  as  long  as  they  did  at  Covey  Hill  post 
office  and  Franklin  Center,  and  the  conditions  of  slope,  exposure, 
open  sea,  etc.,  were  just  as  favorable  for  bar-building.  What  is 
the  explanation?  Apparently  the  difference  was  due  to  the  char- 
acter of  the  material  within  the  grasp  of  the  waves.  All  the  bars 
in  the  district  are  coarse  gravel  or  cobble,  never  sand.  Along  the 
marine  summit  the  glacial  drainage  built  wide  tracts  of  very  coarse 
material,  which  the  waves  quickly  piled  into  bars.  When  the  gravel 
tracts  were  lifted  above  the  waters  and  the  waves  found  only  sand 
they  were  unable  in  the  time  permitted  to  bank  it  at  any  particular 
level. 

All  the  strong  beaches  of  the  sea-level  waters  of  the  Hudson, 
Champlain  and  St  Lawrence  valleys  are  coarse  material,  never 
sand.  Even  the  steadier  level  of  Lake  Iroquois  produced  only 
cobble  bars  in  the  stretch  of  shorter  lived  waters  between  Water- 
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town  and  Covey  pass.  On  extensive  delta  plains  with  superabund- 
ance of  sand  all  beach  features  are  wanting.  Even  where  there 
was  considerable  coarse  material  an  abundance  of  sand  appears  to 
have  inhibited  bar  construction.  It  appears  that  wave  work  can 
much  more  quickly  pile  cobble  into  ridges,  but  that  sand  requires 
more  time.  The  small  sand  bars  that  have  been  found  were  in 
sheltered  localities  with  weak  iwave  action. 

The  combined  deterrent  effect  of  shifting  water  level,  tidal  fluc- 
tuation, and  dominance  of  sand  or  silt  seems  to  be,  in  the  light  of 
facts  from  other  districts,  sufficient  explanation  of  the  absence  of 
high-level  beaches  in  the  sandy  areas  along  the  sea  coast. 

EXPLANATION  OF  MAPS  AND  DIAGRAMS 
PLATES  i-ii 

Plates  i and  2.  These  maps  are  in  completion  of  the  series  of 
maps  showing  the  recession  of  the  ice  sheet  over  New  York  State, 
published  in  New  York  State  Museum  Bulletin  160,  plates  9-17. 
Plate  1 shows  the  relation  of  the  ice  margin  to  the  Iroquois  and 
marine  waters  during  the  second,  and  closing,  stage  of  the  glacial 
Lake  Iroquois,  with  the  outflow  at  the  pass  on  the  international 
boundary,  on  the  south  side  of  Covey  hill.  Lake  Iroquois  is  here 
at  its  greatest  extension. 

In  the  earlier  maps  the  waters  in  the  Hudson- Champlain  valley 
were  wrongly  represented  as  glacial.  This  is  now  known  to  be  an 
error.  The  low  attitude  of  the  land  at  the  time  of  the  ice  removal 
permitted  the  oceanic  waters  to  enter  the  great  valley  and  per- 
sistently lave  the  receding  ice  front.  At  the  time  represented  in 
these  two  maps  the  sea-level  or  estuarine  waters  had  become  con- 
tracted, diminished  in  depth  and  width,  in  consequence  of  the 
uplift  of  the  land,  which  as  a progressive  wave  had  passed  north- 
ward, subsequent  to  the  ice  removal.  Plate  3 shows  the  full  amount 
of  the  land  submergence  and  the  greatest  extent  of  the  sea-level 
waters. 

In  the  Hudson  valley  it  is  probable  that  the  land  uplift  never 
overtook  the  retreating  ice  front;  but  it  is  possible  that  some  little 
uplift  occurred  in  the  Champlain  district  while  the  ice  had  the 
position  indicated  in  plate  1.  The  effect  on  the  shore  line  will  be 
considered  under  plates  5,  10. 

Plate  2 represents  the  ice  margin  as  removed  from  Covey  hill, 
thus  allowing  equality  of  level  between  the  waters  of  the  Cham- 
plain and  St  Lawrence  valleys.  Lingering  points  oif  the  ice  lobes 
are  hypothetically  depicted  on  the  north  edge  of  the  map. 
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The  difference  in  time  between  the  stages  shown  in  plates  i and 
2 is  relatively  small,  and  no  attempt  is  made  to  show  the  slightly 
greater  constriction  of  the  valley  waters  in  the  Hudson  during  the 
second  stage. 

Plate  3.  Thi's  mia’p  does  not  show  the  geography  at  anry 
moment  of  time,  but  the  greatest  submergence  and  widest  extent  of 
the  sea-level  waters  in  all  districts,  as  indicated  by  the  summit  shore 
features.  The  land  uplift  as  a progressive  wave,  moving  north- 
ward, produced  constant  reduction  of  the  estuary  on  the  south, 
while  near  the  ice  front  the  land  was  at,  or  near,  its  greatest  depres- 
sion and  the  waters  at  their  maximum  extent.  This  is  illustrated 
in  plates  1 and  2. 

The  amount  of  marine  submergence  and  postglacial  uplift  is 
shown  approximately  by  the  lines  of  equal  uplift,  or  isobases. 

Plate  4.  This  map  is  intended  to  show  the  locations  of  the 
shore  lines  in  the  northern  part  of  the  State,  east,  north  and  west 
of  the  Adirondack  highland. 

In  the  Champlain  valley  only  the  sea-level  waters,  the  marine 
inlet,  existed,  but  in  the  St  Lawrence  valley  the  glacial  Lake  Iroquois 
preceded  the  ocean-level  waters.  The  vertical  interval  between  the 
Iroquois  and  the  marine  planes  is  290  feet  (see  plate  n).-  The 
marine  plane  passes  under  Lake  Ontario  at  the  south  edge  of  the 
area  here  shown,  or  approaching  Oswego.  The  rise  of  the  land, 
over  500  feet,  at  the  head  of  the  St  Lawrence  (plate  9)  has  lifted 
the  surface  of  Lake  Ontario  to  246  feet  above  the  sea,  and  buried 
the  southwest  shore  of  the  sea-level  waters  (Gilbert  gulf),  where 
the  land  uplift  was  less. 

Plate  5.  We  have  in  this  map  the  shore  phenomena  plotted  on 
the  topographic  sheets.  The  legend  and  notes  make  the  map  quite 
self-explanatory.  Plate  6 joins  the  west  edge  of  plate  5,  and  plate 
8 joins  the  south  edge. 

In  his  map  of  the  Mooers  sheet  Woodworth  indicates  many 
fragments  of  beaches  which  are  not  here  shown  (81,  with  map). 
However,  the  lower  shore  features  do  not  involve  any  important 
element  in  the  history,  as  such  are  to  be  expected,  under  favoring 
conditions,  at  all  inferior  levels.  Weak  bars  occur  irregularly  at 
points  where  the  several  factors  favoring  their  construction  were 
present  in  sufficient  degree. 

The  lower  bars  in  this  map  belong  mostly  to  the  Franklin  Center- 
Stockwell-Covey  Hill  post  office  shore  line.  This  shore  with  its 
great  series  of  strong  cobble  beaches  represents  a level  215  feet 
beneath  the  summit  plane,  and  possibly  records  an  episode  of  some- 
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what  slower  uplift  of  the  district.  But  this  shore  series  is  prac- 
tically limited  to  the  area  of  this  map.  It  is  not  found  on  the  Danne- 
mora  quadrangle  (plate  8),  and  is  not  recognized  farther  south. 

The  contouring  of  the  Mooers  sheet  is  not  correct  and  no  precise 
elevations  are  given;  and  the  location  of  bars  and  of  the  inter- 
polated shore  line  may  need  some  correction. 

The  Mooers  quadrangle  includes  the  extensive  bare-rock  areas, 
due  to  the  stripping  of  drift  from  the  Potsdam  sandstone  by  the 
copious  glacial  waters  (see  plate  5).  The  remarkable  development 
of  cobble  bars  indicated  in  the  northwest  and  southeast  parts  of 
the  Mooers  sheet  was  due  to  the  abundance  of  coarse  material 
swept  down  by  the  glacial  ice-border  rivers  to  within  reach  of  the 
standing  waters.  The  cobble  tracts  are  the  deltas  of  the  glacial 
streams.  Long  stretches  of  the  summit  shore  have  not  been  closely 
examined.  More  detailed  description  of  the  features  of  the  map 
will  be  given  in  a later  chapter. 

Plate  6.  This  map,  the  Mailone  sheet,  shows  the  westward 
extension  of  the  shore  lines,  the  map  joining  plate  5. 

Below  the  marine  plane  the  deltas  are  mapped  only  for  the 
Salmon  and  Trout  rivers,  but  sand  and  silt  plains  occupy  most  of 
the  northern  part  of  the  area. 

On  the  Moira  quadrangle,  lying  west  of  the  Malone,  the  shores 
merely  cross  the  southeast  corner,  without  significant  features  for 
the  Iroquois  and  the  marine  summit,  though  a lower  beach  has 
strong  development  between  Moira  and  Lawrenceville  and  west 
of  the  latter  village.  The  quadrangle  south  of  the  Moira  has  not 
been  mapped,  but  it  carries  heavy  deltas  and  bars  on  the  St  Regis 
river  at  Dickinson  Center  and  Nicholville.  The  next  sheet  avail- 
able for  our  purpose  is  the  Potsdam. 

Plate  7.  The  Potsdam  quadrangle,  carrying  the  deltas  of  the 
west  branch  of  the  St  Regis  and  the  Raquette  rivers,  has  good  dis- 
play of  the  shore  features. 

Interesting  features  occur  on  the  Canton  quadrangle,  lying  on 
the  west  of  the  Potsdam,  but  as  Professor  Chadwick  plans  to  pub- 
lish the  Pleistocene  geology  of  that  area,  it  is  not  here  included. 

Plate  8.  This  map,  the  Dannemora  quadrangle,  joins  the 
Mooers  sheet  (plate  5)  on  the  south.  As  on  the  Mooers  sheet,  the 
highest  reach  of  the  sea-level  waters  is  marked  by  the  termination 
of  the  land  and  ice-border  rivers,  with  their  correlating  deltas. 
West  of  Peru  a few  gravel  bars  lie  above  the  theoretic  marine 
plane,  but  series  of  heavy  bars  are  beneath  the  summit  level,  which 
is  the  prevailing  relation  on  all  the  shores  of  the  marine  inlet. 


Plate  9 


Pleistocene  uplift  of  New  York 
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Plate  9.  This  map  relates  to  the  diastrophic  problem,  the 
deformation  of  the  continental  surface.  The  amount  of  uplift  out 
of  the  sea  is  approximately  shown  by  the  isobases  for  all  of  the 
State  and  the  neighboring  territory.  The  map  is  to  be  used  in  con- 
nection with  the  tabulated  data,  plate  12. 

In  the  HudsomChamplain  and  Connecticut  valleys  the  estuary, 
sea-level  waters  have  left  a record  of  the  submergence  in  the  shore 
features.  The  height  of  those  features  today  is  the  measure  of  the 
postglacial  uplift.  The  lines  of  equal  uplift,  isobases,  connect 
points  of  equal  rise  in  the  two  valleys;  and  the  lines  have  been 
extended  westward  across  the  State.  Across  New  York  the 
isobases  have  nearly  direct  courses,  20  degrees  north  of  west  by 
south  of  east.  It  is  recognized  that  the  extended  isobases  must 
lie  in  circles  or  ovals  about  the  domed  area  of  uplift,  and  that  both 
east  and  west  they  must  be  given  decided  curvature.  On  the  east 
the  curvature  is  determined  by  study  of  the  land  uplift  in  New 
England.  Westward  the  curvature  is  hypothetic. 

The  lines  of  300  and  400  feet  are  located  in  accordance  with  the 
determinations  of  Professor  Emerson  (66,  67).  The  zero  isobase 
should,  it  is  probable,  be  laid  farther  south,  but  as  it  is  an  uncertain 
and  elusive  element  the  line  is  drawn  well  within  the  limits  of  the 
map. 

It  will  be  seen  that  the  rate  of  tilting,  or  gradient,  of  the  shore 
line  increases  toward  the  north,  as  indicated  by  the  spacing  of  the 
isobases.  From  present  knowledge  it  appears  that  the  steepest 
gradient  lies  over  the  Champlain  district,  and  that  the  surface  of 
the  dome  of  uplift  has  a decreasing  slope  in  Canada.  The  height 
of  the  estuary  features  in  Lake  Memphremagog  district  have 
located  the  800  feet  isobase. 

Plate  10.  This  profile  has  been  drawn  to  connect  points  oif 
clear  summit  shore  features.  These  stations  are  numbered  on  the 
chart,  10,  22,  24,  50,  54,  58,  78,  89,  138,  144.  The  fact  that  nearly  all 
the  topmost  shore  features,  even  in  localities  as  far  away  as  the 
Connecticut  valley  and  the  east  shore  by  the  Green  mountains, 
coincide  very  closely  with  this  profile  is  confirmation  of  its  accu- 
racy. And  .the  vertical  relation  is  greatly  exaggerated,  as  the 
vertical  scale  is  528  times  the  horizontal. 

Since  the  isobases  are  inclined  20  degrees  from  the  latitude 
parallels  and  this  profile  is  for  a meridian,  the  proper  location  of 
the  stations  is  by  the  intersection  of  their  isobases,  and  the  results 
are  surprisingly  harmonious.  In  only  three  localities  are  summit 
bars  found  at  heights  above  this  profile.  These  are  at  Crown  Point, 
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hi;  Port  Henry,  114;  and  131,  in  the  Ausable  river  embayment 
near  Peru.  As  these  are  in  decided  embayments  of  the  west  wall 
of  the  valley  it  is  possible  that  the  high  features  are  due  to  glacial 
waters,  or  lakes  lateral  to  the  ice  lobation  in  the  valley.  However, 
the  strength  of  the  bars  and  their  regular  spacing  does  not  favor 
the  idea  of  ephemeral  waters  like  the  narrow  pondings  alongside 
the  ice.  It  appears  probable  that  the  profile  does  not  show  the  total 
height  of  the  marine  inlet  waters  in  the  Champlain  lake  district. 
The  profile  certainly  does  give  the  uplifted  plane  of  the  sea-level 
waters  in  the  Champlain  valley  at  the  time  those  waters  passed 
around  into  the  St  Lawrence  valley.  It  therefore  seems  as  if 
there  might  have  been  some  little  rise  of  the  land  in  the  Champlain 
region  while  the  ice  front  lay  about  Covey  hill,  and  that  the  superior 
beaches  indicate  the  amount  of  such  lifting  above  the  datum  plane. 
This  has  an  important  bearing  on  the  relation  of  the  land  uplift 
to  the  withdrawal  of  the  ice  cap. 

It  seems  quite  certain  that  through  the  Hudson  valley,  or  to 
about  Glens  Falls,  number  89  of  the  profile,  the  wave  uplift  did 
not  overtake  the  retreating  ice  front.  By  the  time  the  ice  cap 
had  waned  so  as  to  expose  the  Champlain  valley  the  weight  of  the 
ice  mass  had  so  diminished  that  perhaps  the  northward-progressing 
wave  of  land  rise  did  affect  the  border  of  the  ice-covered  territory. 
This  is  also  suggested  by  the  Iroquois  beaches  in  the  St  Lawrence 
valley. 

The  history  of  the  postglacial  phenomena  is  possibly  more  com- 
plex than  here  outlined,  and  there  may  be  unrecognized  factors  in 
the  problem. 

The  lower  bars  along  the  international  boundary  are  mapped 
in  plate  5. 

Woodworth’s  line  A-B  in  his  plate  28  (no.  82  of  the  list  of 
writings),  is  nearly  coincident  with  this  profile. 

Plate  11.  This  diagram  should  be  used  in  conjunction  wiijh 
the  maps,  plates  5-7,  9. 

The  shore  features  are  plotted  on  the  profiles  according  to  their 
isobases.  The  vertical  scale  is  264  times  the  horizontal. 

The  lines  for  the  uplifted  Iroquois  shore  are  drawn  as  straight 
lines  from  Covey  outlet  to  beyond  Adams,  ignoring  any  slight 
curvature.  Southwestward  from  Adams  the  line  is  given  slight 
curvature  so  as  to  intersect  the  Iroquois  beach  at  Ontario,  Wayne 
county. 

The  upper  of  the  two  lines  of  Iroquois  is  regarded  as  the  closing 
or  extinction  plane  of  the  lake.  If  this  be  true  then  the  lower  line 
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probably  marks  the  low  water  following  the  opening  of  the  second, 
Covey  pass,  outlet.  If  this  is  the  correct  interpretation  then  the 
water  level  fell,  in  the  shift  from  the  Rome  to  the  Covey  outlet, 
perhaps  40  or  50  or  more  feet.  Then  the  rise  of  the  land  in  the 
Covey  Hill  district  while  the  Covey  pass  carried  the  outflow  of 
Iroquois  apparently  raised  the  lake  level  about  22  feet  at  Richland 
and  15  feet  at  Farr’s,  near  Watertown.  The  increasing  vertical 
interval  toward  the  southwest,  and  the  character  of  the  lower 
beaches,  suggest  the  work  of  rising  water. 

This  moderate  rise  of  the  land  at  Covey  hill  while  the  ice  front 
lay  at  that  point  was  nor  recognized  in  former  writings  (27),  but 
it  appears  to  be  the  only  explanation  of  the  shore  features  as 
plotted  in  the  diagram ; and  the  best  explanation  of  the  excessively 
elevated  beaches  in  the  Champlain  district,  described  above. 

The  profile  for  the  uplifted  marine  plane  is  also  drawn  as  a 
straight  line  from  Covey  to  Woodville,  and  beyond  is  given  a curva- 
ture parallel  with  the  upper  line  of  Iroquois. 

At  Covey  outlet  the  vertical  interval  between  the  closing  Iroquois 
and  the  sea-level  plane  is  290  feet  (1030-740).  It  is  thought  that 
no  appreciable  uplift  occurred  while  the  waters  were  cutting  and 
melting  their  passage  by  the  ice  front  on  the  steep  north  face  of 
Covey  hill,  during  the  down-draining  of  Lake  Iroquois  into  the 
Champlain  waters  at  sea  level.  In  horizontal  distance  on  the  north- 
east face  of  Covey  hill  the  fall  from  1030  down  to  740  feet  is  only 
about  one-half  of  a mile.  Whatever  rise  of  the  district  took  place 
during  this  episode  must  be  negligible  in  this  study.  With  this 
view  the  vertical  interval  between  the  latest  Iroquois  and  the 
earliest  marine  planes  must  everywhere  be  290  feet.  The  summit 
marine  features  are  fairly  distinguished  and  fall  into  the  profile 
line,  plotted  by  isobase  intersections.  The  interval  of  290  feet 
marks  the  upper  line  of  the  Iroquois  as  the  closing  plane.  And 
it  should  be  noted  that  beyond  Richland,  or  south  of  the  Rome 
isobase,  the  Iroquois  beach  is  a unit,  a single  heavy  bar  with  steep 
front;  and  this  correlates  with  the  upper  line  of  the  diagram. 

The  unity  of  the  western  beaches  suggests  some  close  relation 
between  the  closing  level  of  the  lake  and  the  former  Rome  level. 
It  is  possible  that  the  lifting  at  Covey  pass  raised  the  closing  level 
to  an  equality  with  the  Rome  level  in  the  western  end  of  the  basin. 
The  waters  could  not  rise  above  the  Rome  outlet. 

Some  variation  of  the  bars  in  height  from  the  profile  is  explained 
by  their  distant  location  from  the  datum  line  (see  plate  9)  and 
the  direction  of  maximum  uplift.  It  will  be  seen  that  the  direction 


2 6 


NEW  YORK  STATE  MUSEUM 


of  the  line  of  the  profiles  (C-D  of  plates  4 and  9)  makes  an  angle 
of  over  30  degrees  with  the  direction  of  steepest  uptilting,  20 
degrees  east  of  north.  In  consequence  of  this  variance  irr  direc- 
tion the  stations  north  of  the  line  of  the  profile  have  an  excess 
of  altitude,  while  those  south  show  a deficiency.  Examples  of 
the  higher  value  are  seen  in  all  the  stations  on  the  marine  shore 
profile  between  Chateaugay  and  Dexter;  and  on  the  Iroquois  pro- 
file west  of  Ontario.  The  effect  of  southing  is  clearly  seen  at 
Rome,  Woodard  and  Sodus. 

The  shore  features  which  stand  much  above  the  profile,  all  the 
way  from  Lacona  to  Chateaugay,  indicate  some  uplift  of  that 
region  in  excess  of  the  uplift  at  the  outlet,  since  the  height  of  the 
outlet  controlled  the  water  level.  In  other  words,  the  territory 
north  of  the  isobase  of  Rome  was  lifted  out  of  the  Iroquois  waters. 
The  question  is,  When  did  this  occur?  The  matter  will  be  dis- 
cussed in  the  next  chapter. 

DEFORMATION  AND  ALTITUDES  IN  THE  ONTARIO 

BASIN 

TABULATION  OF  DATA,  PLATE  12 

The  uniform  vertical  interval  of  290  feet  between  the  Iroquois 
and  marine  planes  in  the  St  Lawrence-Ontario  basin  provides  us 
with  a master  key  to  the  amount  of  land  uplift  during  two  time 
divisions,  the  Iroquois  or  glacial  time,  and  the  Post-Iroquois  or 
postglacial  time.  Wherever  we  can  determine  the  height  of  either 
the  closing  Iroquois  or  the  marine  plane  we  can  calculate  the 
other  one.  The  marine  or  sea-level  altitude  in  the  Ontario  basin 
measures  the  amount  of  Post-Iroquois  uplift.  By  subtracting  this 
from  the  total  uplift,  as  shown  by  the  isobases  (plate  9),  we 
determine,  for  that  point  in  space,  the  amount  of  uplift  previous 
to  the  extinction  of  Iroquois,  which  for  New  York  is  glacial  time. 
And  the  total  uplift,  the  isobasal  value,  when  subtracted  from  the 
present  altitude  of  the  point,  gives  us  the  height  of  that  point 
before  uplifting  began. 

The  tabulation  gives  examples  of  the  analysis;  and  comparison 
of  the  data  in  the  table  with  the  map  of  isobases  reveals  some 
interesting  facts.  It  is  found  that  Hamilton,  Ontario,  at  the 
extreme  west  end  of  Lake  Iroquois,  received  during  glacial  time 
more  than  half,  about  three-fifths,  of  its  total  uplift.  Rome,  at 
the  southeastern  extremity  of  the  lake,  and  the  outlet,  suffered 
more  than  half  its  rise  during  glacial  time.  And  these  two 
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localities  were  the  first  to  be  relieved  of  the  burden  of  the  ice 
sheet  (164,  plates  9-17).  Other  localities  between  Rome  and 
Hamilton  had  proportionate  movement.  It  will  be  seen  that  Rome 
was  the  point  of  largest  rise  in  glacial  time,  and  the  station  of 
lowest  initial  altitude.  From  Rome  northward  the  glacial  uplift 
was  small,  but  the  postglacial  was  large.  Toward  Canada  nearly 
all  the  rise  has  taken  place  since  the  sea-level  waters  entered  the 
St  Lawrence  valley. 

The  low  initial  height  of  Rome  is  in  agreement  with  the  facts 
of  the  early  glacial  drainage  in  central  New  York;  for  the  escape 
long  before  Iroquois  time  was  eastward  through  Syracuse  to  the 
Mohawk-Hudson ; and  the  Syracuse  channels  are  today,  after 
uplifting  and  some  filling,  less  than  400  feet  above  tide.  In  apply- 
ing the  mathematics  of  the  table  to  any  particular  locality  it  must 
be  understood  that  the  figures  apply  to  the  precise  point  used  for 
Iroquois  or  marine  altitude.  Taking  Rome  as  example,  the  altitude, 
460  feet,  is  the  crest  of  beaches  southwest  of  the  city.  The  lowest 
part  of  the  divide,  the  channel  head  or  wasteweir  of  the  latest 
outflow  of  Iroquois,  the  Iromohawk  river,  is  about  430  feet.  Hence 
the  initial  altitude  of  that  point  is  30  feet  less  than  no,  or  80  feet. 
If  we  add  20  feet  for  depth  of  water  we  have  a fall  of  100  feet 
for  the  river  flow  between  Rome  and  Schenectady,  a distance  of 
92  miles  by  the  railroad. 

The  initial  height  of  localities  can  be  approximately  estimated 
by  comparison  with  any  near-by  shore  line  (latest)  of  Iroquois, 
or  a summit  beach  of  Gilbert  gulf. 

The  profile  of  the  closing  Iroquois,  plate  n,  shows  that  from 
Lacona  to  Chateaugay,  or  in  the  area  north  of  the  Rome  isobase, 
there  are  shore  features  higher  than  the  lake  level.  This  implies 
that  the  land  rose  out  of  the  water;  in  other  words,  the  rise  of  the 
outlet,  either  at  Rome  or  Covey,  did  not  keep  pace  with  the  land 
uplift  in  the  Watertown-Malone  district.  The  greatest  vertical 
spacing  or  splitting  of  the  bars  is  at  Farr’s,  3 miles  east  of  Water- 
town,  where  the  highest  beach  is  62  feet  above  the  profile.  The 
table  shows  that  Farr’s  rose  only  69  feet  during  the  whole  of  Iro- 
quois, time.  But  Rome  rose  180  feet  before  and  170  feet  after  the 
extinction  of  Iroquois.  It  does  not  seem  possible  that  Farr’s 
could  rise  62  feet  over  Rome  in  only  69  feet  of  total  rise.  The 
better  explanation  is  that  the  northern  uplift  took  place  rapidly 
just  after  the  outflow  was  shifted  to  Covey,  as  that  outlet,  and 
hence  the  water  level,  rose  only  a small  amount  before  the  extinc- 
tion of  the  lake.  Certainly  the  land  uplift  in  the  Watertown  dis- 
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trict  exceeded  the  rise  of  the  water  level  by  the  62  feet  of  vertical 
spacing.  The  relatively  stationary  attitude  of  the  lake  after  the 
Covey  outlet  became  effective  gave  the  wave  of  land  uplift  the 
opportunity  of  rising  out  of  water.  It  may  be  noted,  as  illustration 
and  proof  of  the  wave  movement  that  during  glacial  (Iroquois) 
time  Rome  was  lifted  111  feet  more  than  Farr’s,  but  that  during 
Post-Iroquois  (Postglacial  for  New  York)  time  Farr’s  rose  21 1 
feet  more  than  Rome.  In  way  of  summary,  it  may  be  stated  that 
south  of  Rome,  which  was  on  the  fulcral  line  for  nearly  all  the  life 
of  Iroquois,  all  the  beach  phenomena  appear  to  an  effect  of  rising 
water;  that  north  of  the  fulcral  line  the  splitting  of  beaches  declines 
in  amount  both  toward  and  beyond  Watertown;  that  the  tabulated 
figures  for  the  Canadian  stations  show  similar  relation;  and  that 
the  splitting  of  the  bars  is  due  to  a local  uplift  of  the  ice-unloaded 
territory  during  the  relatively  short  period  that  the  lake  outlet  was 
at  Covey  pass. 

The  south  shore  of  Lake  Iroquois  has  the  characters  produced 
by  a rising  water  level.  Evidently  the  rise  of  the  lake  surface  was 
produced  by  the  excessive  rise,  or  differential  uplift,  at  the  outlets, 
especially  at  Rome.  The  huge  gravel  bar  at  Hamilton  is  the  most 
striking  feature  due  to  the  rise  of  the  lake.  This  has  been  described 
by  Coleman  (151,  pages  351-52),  who  implied  that  the  flooding  by 
the  rise  of  the  lake  level  was  toward  100  feet.  Our  tabulation 
shows  that  while  Rome  was  lifted  180  feet,  Hamilton  was  lifted  only 
123  feet,  and  the  flooding  at  that  point  was  57  feet.  It  is  an  inter- 
esting fact  that  “ unworn  Mammoth  remains  ” were  found  in  the 
Hamilton  bar  at  a depth  of  83  feet  (151,  page  352). 

By  similar  calculation  the  approximate  amount  of  flooding  is 
estimated  for  other  stations.  The  figures  are  maximum,  and  prob- 
ably slightly  excessive,  being  as  much  above  the  fact  as  the  uplift 
at  Rome,  after  the  outflow  was  shifted  to  Covey,  exceeds  the  rise 
at  Covey.  As  this  difference  is  unknown,  but  probably  small,  the 
comparison  of  stations  is  made  with  Rome. 

The  beaches  in  Canada  show  relations  similar  to  those  in  New 
York.  The  figures  are  chiefly  Professor  Coleman’s.  Toronto,  on 
nearly  the  same  isobase  as  East  Gaines  with  about  the  same  rela- 
tion to  the  ice  body,  has  similar  figures,  the  glacial  uplift  being 
two-fifths  of  the  total.  But  Quays,  on  the  same  isobase  as  Rome, 
but  much  longer  under  the  weight  of  the  glacier,  received  less  than 
one-fourth  of  its  rise  in  glacial  time.  The  district  north  from 
Quays  shows  declining  glacial  uplift  and  increasing  postglacial, 
similar  to  northern  New  York. 
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From  the  data  at  hand  it  appears  that  New  York  State  was  not 
raised  as  a rigid  body  but  by  a progressive  wave  movement.  The 
south  side  of  the  Iroquois  basin  suffered  about  one-half  of  its  total 
rise  during  Iroquois  time.  The  northern  part  of  the  basin  was 
lifted  very  little  until  after  extinction  of  Iroquois.  The  New  York 
City  district  did  not  rise  at  all  until  the  ice  was  gone,  for  not  until 
the  ice  front  had  withdrawn  considerable  distance  was  there  any 
effective  reduction  in  the  weight  of  the  ice  cap.  The  question  is, 
Did  the  wave  uplift  of  the  land  ever  overtake  the  receding  margin 
of  the  waning  glacier?  In  a former  paper  the  writer  expressed  a 
negative  opinion  (27,  page  250),  but  with  further  study  and  in 
the  light  of  the  accompanying  charts  it  seems  probable  that  some 
small  rise  occurred  at  Covey  hill  while  the  thin  ice  margin  yet 
lingered  against  that  northern  salient. 

DESCRIPTION  OF  THE  SHORE  FEATURES 

Long  Island 

The  amount  of  Postwisconsin  submergence  is  shown  in  plate  3. 
The  positive  evidences  of  submergence  are  abundant  and  sufficient, 
the  only  ones  lacking  being  bars  of  wave  construction  and  marine 
fossils.  The  absence  of  bars  on  sand  plains  has  been  described 
in  an  earlier  chapter;  and  absence  of  fossils  on  a shore  of  abundant 
drifting  sand  is  probably  to  be  expected. 

This  subject  has  been  recently  traversed  in  a published  paper 
(55) , to  which  the  reader  is  referred  for  fuller  discussion.  For 
this  present  writing  it  will  be  sufficient  to  enumerate  some  of  the 
characters  which  prove  the  burial  in  the  open  sea. 

1 The  island  lies  entirely  within  the  area  of  postglacial 
depression. 

2 Positive  proof  of  the  submergence  of  the  near-by  valleys  of 
the  Hudson  and  Connecticut. 

3 The  evident  shore  lines  about  the  eastern  moraines. 

4 The  admitted  wave-eroded  origin  of  the  cliff  extending  from 
the  west  end  of  the  island  to  6 miles  beyond  Jamaica. 

5 The  very  smooth,  even  surface  of  the  lower  parts  of  the  area. 

6 The  materials  of  the  plains  and  the  occurrence  of  surficial 
loams  over  large  tracts  of  the  lower  plains. 

7 The  subdued,  wave-smoothed  surfaces  of  the  moraines  beneath 
the  theoretic  plane,  and  the  very  rough,  harsh,  unsubdued  surface 
of  the  same  moraines  above  that  plane. 
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8 The  presence  of  innumerable  kettles  in  the  smooth  eastern 
plains,  showing  the  subjugation  by  standing  waters  of  the  ice-laid 
or  moraine  drift. 

9 The  admitted  delta  terraces  or  sand  plains  on  the  north  side 
of  the  island,  and  on  the  north  side  of  the  latest  moraine,  at  the 
theoretic  altitude  of  the  marine  plane. 

10  The  occurrence  of  fine,  evenly  bedded  sands  containing  boul- 
ders, evidently  rafted,  in  low  valleys  in  the  moraines;  the  valleys 
opening  freely  southward. 

Staten  Island  District 

In  the  region  of  New  York  City  and  southward  where  the  waters 
were  shallow  and  of  diminishing  depth,  with  fluctuating  levels,  it 
is  to  be  expected  that  the  amount  of  submergence  can  not  be  easily 
determined.  But  the  erosional  work  and  smoothing  effect  of  stand- 
ing water  is  evident. 

The  writer  has  not  made  any  study  of  Staten  island  or  in  New 
Jersey  except  along  the  northern  boundary.  Confidence  has  been 
placed  in  the  published  descriptions  of  Merrill  (30-32),  Ries 
(33-36),  and  Salisbury  (41-43).  West  of  the  Palisades  the  low- 
lands exhibit  cl£ar  evidence  of . water  action  since  the  ice  sheet 
withdrew.  Over  the  till,  colored  red  by  the  debris  of  the  Newark 
beds,  lie  abundant  water-laid,  yellow  sands.  In  the  Hackensack 
valley  the  evidence  of  standing  water  is  clear  up  to  the  theoretic 
plane  of  submergence.  The  silt  plains  are  found  to  the  head  of 
the  Hackensack  river,  near  the  Short  Clove  and  Long  Clove.  Pro- 
fessor Salisbury  gives  many  references  to  the  presence  of  water 
as  the  latest  occupant  of  the  territory. 

Along  the  Hudson  in  the  district  of  New  York,  and  in  West- 
chester county,  the  records  of  standing  water  were  conclusive  to 
the  earlier  students.  In  the  last  four  decades  the  great  expansion 
of  commerce,  business  and  building  operations  has  obliterated  many 
features.  “ Civilization  ” and  “ progress  ” have  little  care  for  such 
“ impractical  ” matters  as  the  geologic  records.  It  has  not  been 
practicable  for  the  writer  to  use  the  time  that  would  be  necessary 
to  study  closely  this  difficult  area,  but  the  testimony  of  the  able 
men  named  above  is  regarded  sufficient  to  prove  the  fact  of  recent 
submergence  in  the  New  York  City  district. 

Hudson  Valley 

Tarry  town  sheet.  South  of  Ossining  close  study  may  find  some 
remnants  of  deposits  left,  either  by  the  glacial  outwash  or  the  land 
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Glacial  stream  channel,  at  Great  Falls,  7 miles  southwest  of  Catskill.  Looking  north,  upstream,  from  the  delta 
which  was  built  at  sea  level.  Present  altitude  260-70  feet. 
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drainage,  in  the  marine  estuary,  but  the  prevailing  steep  walls  of 
the  valley,  with  absence  of  heavy  tributary  drainage,  has  prevented 
the  construction  and  preservation  of  conspicuous  deltas.  Of  course, 
cliff-cutting  and  bar  construction  were  negligible  in  such  narrow 
waters. 

But  northwest  of  Ossining  is  one  of  the  best  deltas  in  the  valley, 
.and  the  finest  in  the  present  water.  Croton  Point,  projecting  2 
miles  into  the  Hudson  river,  is  the  remnant  of  the  heavy  delta  of 
Croton  river.  It  is  incontrovertible  proof  of  high-level  water  in 
the  Hudson  valley  since  the  glacier  vacated.  Some  small  remnants 
of  the  great  delta  are  found  in  the  level  patches  north  of  Ossining, 
but  the  greater  part  of  the  original  delta  has  been  cut  away  by 
the  same  stream  that  built  it,  aided  by  the  tides  and  waves  of 
Tappan  Sea.  The  delta  promontory  represents  the  north  flank  of 
the  original  filling,  and  an  evidence  of  the  erosion  is  seen  in  the 
gap  across  the  middle  of  the  promontory. 

The  broad  sand  plain  at  the  head  of  the  promontory  is  definitely 
100  feet  altitude,  by  the  topographic  map;  but  this  does  not  give 
the  full  height  of  the  Hudson  estuary.  An  examination  of  the 
ground  in  company  with  Professor  Berkey  finds  that  the  summit 
water  level  is  at  about  120  feet.  The  100-feet  plain  was  under 
water,  though  wave-swept  by  the  lowering  (relative  to  the  land) 
waters.  Merrill  made  the  usual  mistake  of  taking  the  highest 
broad  and  conspicuous  plain  as  marking  the  water  surface.  In 
some  cases  this  may  be  'the  fact,  but  commonly  not  so. 

On  the  west  side  of  Haverstraw  bay,  at  Haverstraw,  West 
Haverstraw  (Bensons  Corners),  and  North  Haverstraw,  are  thick 
clays  and  capping  sands  lying  in  an  embayment  of  the  broad  valley. 
The  summit  altitudes  of  the  sand  plans  agree  closely  with  the 
profile  in  plate  10. 

The  northern  portion  of  the  low  ground  west  of  the  Palisades, 
mentioned  in  the  preceding  chapter,  is  shown  on  this  sheet. 

West  Point  sheet.  North  of  Verplanck  the  clay  pits  of  an  aban- 
doned brick  factory  testify  to  the  deep  water  of  the  Hudson 
estuary,  and  the  capping  sands  are  seen  a mile  northeast  of  the 
village.  Here  leveled  sands  and  weak  bars  indicate  the  full  height 
of  the  waters,  about  125  feet. 

Southwest  of  Peekskill  for  2 miles  the  careful  observer  may  see 
indeterminate  inscriptions  of  the  high  waters.  The  state  camp, 
over  a mile  northwest  of  Peekskill,  is  on  a delta  terrace  with  an 
altitude  of  105  feet,  some  25  feet  inferior  to  the  summit  level. 

Across  the  river  from  Peekskill  is  one  of  the  most  interesting 
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sand  plains,  unfortunately  now  mostly  removed.  Jones  point  has 
been  for  many  years  one  of  the  sources  of  sharp  sand  and  gravel 
used  in  New  York  City  construction.  Seen  from  across  the  river, 
or  from  the  steamers,  it  yet  shows  the  line  of  the  gravel  terrace 
banked  against  the  Dunderberg  mountain.  The  map  is  faulty 
and  does  not  indicate  even  the  remnant  of  the  original  plain.  The 
north  end  and  highest  part  of  the  plain  is  at  about  130  feet  above 
the  sea.  The  southward  slope  of  the  summit  shows  clearly  when 
seen  from  some  distance.  The  structure  and  location  of  the  gravel 
terrace,  in  relation  to  the  mountain  and  valley,  prove  that  it  was  a 
glacial  delta.  Its  position  rules  out  any  possible  land  drainage.  It 
was  built  by  a glacial  ice-border  stream  which  flowed  along  the  west 
edge  of  the  ice  lobe  and  which  received  the  contribution  of  the 
land  drainage  north  of  the  Dunderberg.  The  lower  portion  of  the 
deposit  is  very  coarse,  containing  thousands  of  boulders.  The  top 
and  the  southern  end  are  finer,  with  the  foreset  and  topset  beds 
well  displayed. 

The  geographical  relations  of  the  Jones  point  gravel  terrace  rule 
out,  as  explanation  of  the  receiving  water,  any  suggestion  of  glacial 
ponding  alongside  the  ice  lobe.  The  waters  were  the  open  Hudson 
inlet  or  estuary. 

The  constricted  valley  between  Peekskill  and  West  Point  could 
not  hold  any  large  shore  features;  but  minor  features  can  be  seen 
from  the  opposite  side  of  the  valley,  or  from  the  river  steamers, 
and  such  have  been  measured  at  Fort  Montgomery  and  Highland 
Falls. 

At  West  Point  the  parade  ground  is  the  theoretic  height  for  the 
summit  level  of  the  estuary,  about  150  feet.  But  there  has  been 
so  much  grading  and  interference  with  the  natural  surface  that 
precision  in  this  locality  is  not  attempted. 

The  terraces  a mile  northwest  of  West  Point  and  across  the 
river  east  of  Cold  Spring  are  contoured  at  160  feet.  As  these  lie 
in  embayments  of  the  valley  walls  they  probably  were  marginal  to 
the  shrinking  ice  lobe,  as  described  by  Woodworth  (82,  pages 
m-13),  and  were  graded  somewhat  above  the  open  waters  to  the 
south.  The  control  of  the  waters  on  the  West  Point  side  must 
be  the  steep  slope  south  of  the  point;  on  the  Cold  Spring  side  the 
channels  of  outflow  control  will  probably  be  found  opposite  the 
point,  a mile  northeast  of  Garrison. 

West  Point,  Schnnnemunk  and  Newburg  sheets.  At  the  junction 
of  these  three  quadrangles  with  the  Poughkeepsie  quadrangle  two 
large  and  interesting  deltas  are  found,  one  affording  the  site  for 
the  city  of  Beacon  and  the  other  for  part  of  the  city  of  Newburgh. 
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The  southern  part  of  Newburgh  lies  on  the  delta  of  Quassaic 
creek.  The  summit  plain  of  the  delta  is  well  shown,  both  on  the 
map  and  in  the  field,  on  both  sides  of  the  creek,  with  an  elevation 
of  160  feet.  The  broader  part  of  the  delta  plain  is  on  the  south 
side  of  the  creek,  underlain  with  scores  of  feet  of  blue  clay.  This 
clay  has  been  extensively  excavated  along  the  river  south  of  New- 
burgh and  at  New  Windsor,  and  shows  the  usual  succession;  glaci- 
ated rock  and  compact  till  at  the  bottom,  then  the  thick  deposit  of 
finely  laminated  blue  clay  becoming  yellow  toward  the  top,  and  a 
capping  of  sand  and  gravel.  This  will  serve  as  an  example  of  the 
valley  deposits  and  the  record  of  the  succession  of  events  since  the 
ice  occupation.  The  occurrence  of  huge  boulders  in  the  clays  is 
evidence  of  waters  laving  the  receding  ice  front. 

Opposite  Newburgh  is  the  delta  of  the  Fishkill,  the  larger  part 
showing  on  the  West  Point  sheet.  The  summit  plain  is  on  the 
Poughkeepsie  quadrangle  and  carries  the  part  of  Beacon  formerly 
called  Fishkill.  The  altitude  of  the  main  street  of  Beacon  is  about 
150  feet,  at  the  west  end.  The  map  is  wrong  in  showing  the  east 
end  higher. 

From  Newburgh,  or  from  the  river  steamers,  the  plain  and 
terraces  of  the  Fishkill  delta  are  plainly  seen.  South  of  Beacon 
the  delta  stretches  for  3 miles,  and  at  Dutchess  Junction  and  below 
are  extensive  brick  works.  Apparently  the  southward  drift  of  the 
waters,  aided  by  exposure  to  the  northerly  winds,  swept  the  stream 
detritus  southward.  Denning  point  is  a little  remnant  of  the  delta, 
a small  imitation  of  Croton  point. 

Poughkeepsie  sheet.  Northward  from  Newburgh  terraces  of 
gravel  and  excavations  in  clay  occur  at  several  places.  Woodworth 
indicates  them  as  far  as  Marlboro  (82,  plate  5).  The  terraces  have 
been  so  mutilated  that  their  original  form  is  uncertain.  The  ter- 
race at  Roseton,  like  many  that  will  not  be  noted,  was  inferior  in 
altitude,  about  100  feet.  At  New  Hamburg  is  the  delta  of  Wap- 
pinger  creek;  but  only  the  lower  terraces  lie  here,  for  the  reason 
that  the  summit  level  of  the  delta  head  forms  the  broad  flats  extend- 
ing 2 to  4 miles  above  Wappinger  Falls.  A fair  terrace  and  beach 
along  the  highway  a mile  south  of  New  Hamburg,  at  175  feet  by 
the  map,  marks  the  summit  level  of  the  estuary.  The  smoothing 
effect  of  the  waves  is  seen  on  the  weak  shales  and  the  silt  filling  of 
the  hollows  west  of  Wappinger  Falls,  at  about  170  feet. 

East  of  Marlboro  are  flat-topped  sand  hills  not  properly  shown 
by  the  map,  but  of  inferior  altitude.  Northwest  of  the  village,  and 
north  of  the  creek,  by  the  railroad  station,  is  an  extensive  gravel 
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plain,  all  in  fruit  farms.  Mr  Charles  Young  owns  the  point  by  the 
station  and  his  house  stands  on  the  edge  of  the  plain  with  altitude 
about  165  feet.  The  sand  plain  is  5 to  10  feet  higher. 

North  from  Marlboro  are  terraces  and  gravel  and  clay  pits,  espe- 
cially on  the  west  side  of  the  valley.  Many  evidences  are  seen  of 
the  leveling  work  of  waters,  many  being  inferior  in  height  as  should 
be  expected. 

The  eastern  part  of  Poughkeepsie  is  on  a sand  plain  built  by 
Fallkill  and  Caspar  creeks.  The  Vassar  College  campus  occupies 
the  southeast  portion  of  the  plain,  with  an  altitude  of  175  to 
180  feet. 

Rhinebeck  sheet.  Hyde  Park  stands  on  the  north  end  of  a ter- 
race plain  which  stretches  south  3 miles.  The  plain  shows  clearly 
on  the  map,  which  makes  the  height  200  feet,  about  the  theoretic 
summit  altitude.  Some  wave  work  may  be  seen  along  the  highway 
in  low,  flat  bars  and  swells  of  sand.  Two  creeks,  one  at  each  end 
of  the  plain,  contributed  material. 

Rondout  creek,  the  largest  tributary  of  the  Hudson  south  of  the 
Mohawk,  enters  the  Hudson  at  Kingston.  One  might  expect  to 
find  here  a large  delta,  but  the  deposition  took  place  far  up-stream, 
above  Rosendale.  However,  detached  plains  and  terraces  record 
the  summit  level,  about  220  feet.  The  broad  sand  plain  at  Rosen- 
dale, contoured  at  220  feet,  seems  too  high  for  its  latitude  as  an 
estuary  deposit,  and  may  represent  a distinct  water  body,  glacial 
waters,  or  perhaps  supergradation  by  the  Rondout  creek. 

The  village  of  Rhinebeck,  two  and  one-half  miles  east  of  the 
Hudson,  is  located  on  a delta  plain  of  the  Landsmans  kill.  The 
plain,  one  and  one-half  miles  in  north  and  south  extent,  has  been 
bisected  by  the  creek,  the  village  standing  on  the  north  half.  The 
altitude  of  the  flat  plain  is  210  to  215  feet,  only  some  15  feet 
beneath  the  profile.  The  existence  of  the  village  at  this  place  is 
evidently  wholly  due  to  the  plain. 

The  upper  left  corner  of  the  Rhinebeck  sheet  shows  a part  of 
the  plain  of  the  Esopus  creek,  considered  below. 

Rosendale  sheet.  This  quadrangle  does  not  touch  the  Hudson 
river  but  covers  features  important  in  this  study.  We  see  here 
the  Rondout  river  with  its  large  tributary,  the  Wallkill ; and  the 
Esopus  creek  that  joins  the  Hudson  at  Saugerties,  on  the  Catskill 
quadrangle. 

The  Rosendale  plains  are  contoured  at  220  feet,  over  10  feet 
above  our  profile.  Assuming  that  the  map  is  correct,  excess  in 
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height  may  not  be  more  than  allowance  for  supergradation  of  the 
large  Rondout  creek.  The  form  and  relation  of  the  rolling  gravel 
plain  suggest  that  it  was  built  by  the  Rondout  and  not  by  the 
Wallkill. 

The  Esopus  creek  curves  across  the  northern  part  of  this  sheet. 
The  mile-wide  flood  plain  in  the  Kingston  district  lies  much  below 
the  marine  plain,  and  is  apparently  a plain  of  erosion,  graded  to 
the  rock  channel  south  of  Saugerties  (Catskill  sheet).  The  higher 
plain  which  carries  the  main  portion  of  the  city  of  Kingston,  with 
altitude  up  to  200  feet,  represents  the  marine  level.  North  of 
Kingston  it  is  apparent  that  the  Esopus  has  intrenched  itself  in  a 
plain  that  was  at  least  60  feet  higher  than  the  stream,  now  140  feet. 

Catskill  sheet.  The  theoretic  marine  summit  along  the  Hudson 
on  this  quadrangle  is  about  240  feet,  rising  to  275.  Sufficient  rec- 
ords of  the  deepest  waters  are  found,  although  no  heavy  deltas 
occur  at  the  full  height.  The  village  of  Saugerties  lies  on  an 
inferior  delta  plain  of  Esopus  creek)  and  Catskill  is  on  a dissected 
lower  plain  of  the  Katskill. 

The  east  face  of  the  Catskill  highland  is  a series  of  bare  rock 
ledges,  carved  by  south-flowing  drainage,  marginal  to  the  waning 
ice  lobe.  The  topography  is  probably  the  result  of  repeated  glacia- 
tion with  marginal  stream  work.  The  lowest  channels  of  the  latest 
glacial  drainage  must  correlate  with  the  estuarine  waters.  These 
significant  features  are  found  on  the  east  face  of  the  Mount  Marion 
range  of  Hamilton  sandstone  hills,  locally  called  the  Hoogeberg. 

At  Dutch  Settlement  (Ruby  P.  O.)  on  the  southeast  corner  of 
the  Kaaterskill  quadrangle,  the  stream  channels  terminate  at  some- 
thing below  240  feet,  with  a gravel  delta  at  220  feet.  South  of 
Mount  Marion  P.  O.  the  Plattekill  has  left  a delta  at  200  feet. 
Along  the  east  face  of  Mount  Marion  stream  cutting  is  distinct 
down  to  about  200  feet,  and  a delta  heads  at  East  Unionville 
(Veteran)  at  220  to  230  feet.  It  is  to  be  expected  that  confined, 
streams  along  the  ice  margin,  having  torrential  flow,  will  cut  below 
the  surface  of  the  receiving  water. 

On  the  lower  road  to  Mount  Airy  is  a small  delta  at  240  feet, 
with  correlating  channel  at  260.  At  Great  Falls,  near  the  county 
line,  the  Kaaterskill  built  a delta  in  the  estuary  with  present  altitude 
about  250  feet.  A glacial  channel  (see  plate  13)  lies  behind  the 
hill  at  260  feet,  by  the  map.  The  delta  of  the  Catskill  is  on  the 
Coxsackie  quadrangle,  to  be  described  below. 

A mile  south  of  Hudson  city  the  marine  waters  built  a heavy 
gravel  bar,  tailing  from  the  south  end  of  the  hill  on  which  the  city 
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reservoirs  are  located.  The  house  of  Mr  W.  Tenbroeck  stands  on 
the  bar,  the  head  of  which  was  made  275  feet  by  aneroid.  The 
map  contours  the  bar  from  280  down  to  240  feet.  The  profile 
(plate  10)  makes  275  feet  the  precise  altitude  for  the  estuary  at 
this  point. 

The  smooth  tract  6 miles  east  of  the  Hudson,  stretching  several 
miles  past  Livingston,  Blue  Stone  and  Manorton,  shows  the  leveling 
and  smoothing  effects  of  standing  water.  Numerous  kettles  indi- 
cate that  ice  blocks  of  the  glacier  margin  were  buried  in  the  detritus 
swept  in  by  the  land  drainage  from  the  east,  perhaps  aided  by 
glacial  outwash.  The  smooth  kettle  plain  southeast  of  Livingston 
is  contoured  at  240  feet.  The  full  height  of  the  open  estuary,  260 
feet,  is  registered  in  the  bare  shales  about  the  kettle  area. 

At  Greendale,  4 miles  east  by  south  from  Catskill,  good  bars 
were  seen  by  the  writer  and  Professor  Chadwick  at  over  240  feet, 
by  the  map;  and  the  top  of  the  hill  is  planed  at  260  feet. 

Coxsackie  sheet.  This  sheet  shows  the  broad  clay  plains  west 
of  Hudson,  traversed  by  the  West  Shore  Railroad.  Except  for 
a space  west  of  New  Baltimore  these  plains  extend  the  whole  length 
of  the  quadrangle.  On  the  north  they  join  the  great  Mohawk 
delta,  at  Ravena  and  Coeymans. 

The  marine  plane  is  about  280  feet  at  Athens,  and  rises  to  315 
feet  at  Coeymans.  The  clay  flats  are  much  below  the  summit 
plane;  the  “Athens  flat”  being  contoured  at  120,  the  West  Cox- 
sackie  plains  at  120  to  140,  the  New  Baltimore  at  200,  and  the 
Ravena  at  200  feet.  The  deposits  were  laid  in  deep,  quiet  waters, 
and  the  material  was  probably  contributed  in  larger  part  by  the 
earlier  strong  glacial  drainage  through  the  Mohawk  valley  (164) 

The  west  boundary  of  the  estuary  was  here  the  bold  face  of  the 
rock  hills.  The  drift  had  been  so  fully  removed  from  the  high- 
land by  the  ice-border  streams  that  the  later  land  drainage  found 
little  detritus  to  pile  as  sand  or  gravel,  as  topping  for  the  clays,  as 
we  find  southward.  The  land  on  the  west  was  thoroughly  swept 
by  the  glacial  flow,  and  the  glaciation  and  stream  work,  perhaps 
repeated,  has  given  the  decided  allineation,  north  and  south,  shown 
by  the  map. 

Only  two  streams  were  heavy  enough  to  build  deltas,  and  these 
are  not  in  the  open  Hudson  valley  but  up  stream.  One  is  the 
Catskill,  extending  from  Leeds  to  South  Cairo.  This  was  years 
ago  the  subject  of  an  admirable  paper  by  Davis  (37),  in  which 
he  makes  the  altitude  of  the  estuary  waters  at  South  Cairo  about 
275  feet.  This  proves  to  be  the  theoretic  height,  and  the  delta  is 
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on  the  same  isobase  as  the  gravel  bar  south  of  Hudson,  io  miles 
distant  and  on  the  opposite  side  of  the  Hudson,  with  the  same 
altitude. 

The  other  and  similar  delta  is  that  of  Hannacrois  creek,  on  the 
north  part  of  the  sheet.  This  has  not  been  examined,  but  the  map 
gives  the  height  of  the  plains  as  300  to  320  feet. 

The  west  side  of  the  Hudson  on  this  sheet  shows  only  the  lower 
terraces  of  the  detrital  deposits  in  the  estuary. 

Kinderhook  sheet.  This  displays  the  broad  sand  plains  related 
to  the  Kinderhook  river  and  its  tributaries.  The  plain  at  Stuyvesant 
Falls  is  200  to  220  feet,  or  some  70  feet  inferior  to  the  summit 
level.  At  Kinderhook  the  plain  is  260  feet  and  over,  or  about 
35  feet  low.  At  Valatie,  Niverville  and  Kinderhook  lake  the  roll- 
ing flats  are  sandy  and  have  the  summit  level,  300  feet.  Flat,  weak 
bars,  characteristic  of  sand  areas,  occur  northwest  of  Valatie  at 
300  to  305  feet.  Weak  cliffs  are  seen  on  the  slopes  east  of  Kinder- 
hook and  south  of  Valatie  at  the  same  height. 

Westward  toward  the  Hudson  the  detrital  plains  exhibit  the  ter- 
racing produced  in  the  soft  deposits  by  the  subsiding  waters.  This 
feature  is  characteristic  of  the  detritus-filled  valley  from  here  north- 
ward to  Glens  Falls,  and  very  conspicuous  in  many  sections. 

Albany  and  Troy  sheets.  On  the  Albany  map  is  seen  the  larger 
part  of  the  great  delta  built  by  the  Iromohawk  river.  The  southern 
plains  about  Selkirk  are  200  feet  altitude,  and  the  delta  rises  stead- 
ily to  350  or  355  feet  at  Schenectady.  The  delta  and  its  genesis 
has  been  described  by  Stoller  (87)  and  the  writer  (164),  and  fur- 
ther description  here  seems  unnecessary. 

North  of  Albany  is  a bold  summit  shore  line.  Along  the  Lou- 
donville  road  a strong  cliff  extends  for  two  and  one-half  miles  in 
north  and  south  direction,  and  the  terrace  facing  it  has  provided 
a level  stretch  for  a handsome  boulevard.  This  is  a favorite  subur- 
ban residence  district  and  popular  drive.  The  south  end.  of  the 
beach  is  along  the  east  side  of  a morainal  tract,  and  the  cliff  curves 
sharply  west  about  the  south  end  of  the  hill  between  the  Loudon- 
ville  and  the  Shaker  roads.  In  altitude  the  beach  is  about  340  feet. 

On  the  Troy  sheet  inferior  terraced  plains  are  conspicuous  along 
the  Boston  & Albany  Railroad  through  Schodack  town.  The 
higher,  rolling  plains  with  irregular  surface  in  the  district  of  Scho- 
dack Center  were  probably  laid  in  glacial  waters,  as  noted  by  Wood- 
worth  (82,  plate  8).  The  altitude  of  these  plains,  with  kettles  and 
rough  surface,  is  20  to  30  feet  over  the  estuary  level,  330  to  340 
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feet.  The  difference  in  the  surface  and  composition  of  the  plains 
above  and  below  the  theoretic  plane  is  noticeable. 

Shore  lines  are  not  conspicuous  on  the  east  side  of  the  valley, 
but  some  cliffs  are  found  on  the  slopes  and  terraces  by  the  streams. 
A fair  gravel  beach  occurs  one-half  of  a mile  northwest  of  East 
Greenbush,  at  320  to  325  feet;  another  at  the  south  end  of  Grand- 
view hill  with  similar  height.  Along  the  road  from  a mile  south 
of  Defreesville  to  near  South  Troy  the  work  of  the  higher  waters 
is  quite  evident;  330  to  335  feet  at  Defreesville  and  rising  to  about 
345  feet  at  South  Troy. 

Along  both  sides  of  the  Hudson  north  and  south  of  Albany  the 
terracing  of  the  valley  walls  is  plainly  shown  by  the  map,  and  is 
very  striking  in  the  field.  The  history  is  clear;  accumulation  of 
detritus  in  the  marine  estuary  at  all  stages  from  the  highest,  level- 
ing and  smoothing  at  all  levels  by  the  subsiding  waters  (land 
uplift),  with  later  erosion  by  modern  drainage. 

Schenectady  and  Cohoes  sheets.  Besides  the  profuse  estuarine 
deposits  these  two  quadrangles  hold  several  important  special  fea- 
tures. The  Cohoes  sheet  displays  in  remarkable  form  the  lower 
terraces  on  both  sides  of  the  river;  the  extensive  delta  of  the 
Hoosick  river;  and  a portion  of  the  later  filling  by  the  Iromohawk 
river.  The  Schenectady  sheet  exhibits  the  deserted  channels  of 
the  diverted  Iromohawk,  the  north-leading  one  by  the  present 
Ballston  Lake,  and  the  subsequent  one  leading  east  by  the  Round 
lake  and  Anthony  kill.  A singular  feature  is  the  ice-block  kettle 
holding  Round  lake. 

The  Hoosick  delta  has  been  described  and  mapped  by  Wood- 
worth  (82,  plates  10,  24)  ; and  the  Schenectady  quadrangle  by 
Stoller  (87)  ; while  the  history  of  the  district  has  been  recently 
described  by  the  present  writer,  with  a large  map  (93).  The 
summit  plains  in  the  Hoosick  valley  are  at  Hoosick  Junction  and 
North  Hoosick  at  400  feet. 

The  interesting  history  of  the  Round  lake  district  may  be  briefly 
epitomized  as  follows : The  delta  of  the  great  Iromohawk  river, 
the  predecessor  of  the  St  Lawrence,  headed  above  Schenectady 
during  the  time  of  maximum  submergence,  and  the  current  flow 
was  to  the  southeast.  When  the  land  uplift  began  and  the  estuary 
waters  retired  the  river  was  diverted  northward  through  the  Ball- 
ston Lake  channel ; then  building  the  sand  plains  by  Saratoga  lake. 
Further  uplift  with  northward  tilting  eventually  diverted  the  flow 
eastward  through  the  Round  Lake  channel.  This  flow  seems  to 
have  continued  until  the  land  here  had  lifted  200  feet  of  its  total 
rise  of  380  feet,  as  indicated  by  the  stream  work  in  the  village, 
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which  was  diverted  southward  by  the  persistent  ice  block.  Yet 
further  land  uplift  diverted  the  river  flow  into  its  present  channel. 

If  the  record  is  correctly  interpreted  we  have  a correlation  with 
Lake  Iroquois  history.  The  outflow  of  Iroquois  continued  here 
until  the  Covey  outlet  was  opened.  This  implies  that  200  feet 
of  land  uplift  had  taken  place  at  Round  lake  when  the  ice  front 
reached  Covey  hill,  leaving  180  feet  of  rise  in  later  time.  It  also 
gives  an  illustration  of  the  persistence  of  buried  ice  blocks  until 
exposure  to  the  air.  For  further  discussion  the  reader  is  referred 
to  paper  93. 

On  the  irregular  rocky  surface  of  the  east  side  of  the  valley  the 
summit  shore  features  are  weak;  but  they  are  found  in  the  upper 
terraces  of  the  Hoosick  delta  at  Schaghticoke  and  Valley  Falls, 
with  an  altitude  of  380  to  385  feet.  On  the  Schenectady  sheet  the 
summit  levels  are  seen  on  the  delta  plains  at  East  Glenville,  at 
about  380  feet;  and  in  the  Mourning  Kill  delta,  south  of  Ballston 
Spa,  at  390  feet. 

Saratoga  and  Schuylerville  quadrangles.  The  Hudson  river  lies 
on  the  eastern  half  of  the  Schuylerville  map  but  the  western  border 
of  the  estuary  is  mostly  on  the  Saratoga  sheet.  On  the  latter  sheet 
we  see  the  great  sand  plain  north  of  Ballston  Spa,  which  was  built 
by  the  glacial  Kayaderosseras  when  it  carried  the  glacial  flow  of 
the  upper  Hudson,  the  latter  being  forced  south  at  Corinth  (76). 
The  full  height  of  the  plain  is  400  feet  by  the  map,  which  indicates 
that  the  rolling  surface  was  a few  feet  over  the  static  waters. 
Weak  beaches  and  cliffs  are  found  northwest  and  west  of  Sara- 
toga Springs  with  a height  of  400  feet  and  downward.  The 
Cryptozoan  ledge  has  been  laid  bare  by  wave  action  of  the  sea-level 
waters. 

On  the  east  edge  of  the  Schuylerville  sheet  the  summit  plane  of 
the  estuary  is  seen  in  the  highest  terraces  of  the  Batten  kill  delta, 
at  Greenwich,  420  feet,  and  in  cliffs  southwest  of  the  village.  A 
splendid  gravel  bar  lies  3 miles  south  of  Durkeetown,  at  an  alti- 
tude of  425  to  430  feet,  only  some  10  feet  beneath  the  theoretic 
level.  The  bar  mapped  by  Woodworth,  2 miles  north  (plate  12 
of  82),  is  under  300  feet.  Between  these  two  bars  are  several 
good  shore  features,  ranging  from  400  feet  down. 

Many  shore  features  are  found  on  the  hills  northeast  of  Sara- 
toga lake,  which  hills  stood  as  a group  of  islands  in  the  estuary 
waters. 

The  Batten  kill  drains  a large  territory  on  the  east  and  in  Ver- 
mont. It  filled  its  upper  valley  with  coarse  detritus,  at  Cambridge, 
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Salem  and  East  Greenwich,  but  the  bulk  of  its  finer  burden  was 
swept  into  the  estuary  and  forms  the  extensive  plains  stretching 
for  7 miles  along  the  east  side  of  the  Hudson. 

Fish  creek  did  not  come  into  existence  until  the  Saratoga  dis- 
trict was  lifted  out  of  the  static  waters.  With  its  small  volume 
it  made  no  delta  of  consequence. 

As  in  the  Schenectady-Cohoes  section  of  the  valley,  the  sand 
and  silt  plains  show  elegant  terracing  by  the  subsiding  waters, 
at  all  levels  from  the  summit  down  to  200  feet.  The  supposed 
river  channels  at  Quaker  Springs  and  Coveville  are  only  the  effect 
of  wave  work  on  the  shales  and  delta  stuff. 

In  the  northwest  corner  of  the  Schuylerville  sheet  and  west  of 
Fortsville  are  sand  plains  at  426  feet,  which  are  the  delta  built 
in  the  open  estuary  by  the  glacial  outflow  of  the  Hudson,  past  the 
east  face  of  Palmertown  mountain. 

Further  details  and  a map  for  this  and  the  Glens  Falls  area  will 
be  found  in  paper  no.  93. 

Glens  Falls  and  Fort  Ann  quadrangles.  With  this  area  we  take 
leave  of  the  Hudson  river  and  valley  proper,  and  have  the  col  or 
divide  between  the  Hudson  and  Champlain  sections  of  the  great 
valley. 

The  divide  is  a wave-smoothed  stretch  a mile  wide  and  about  4 
miles  northeast  of  Fort  Edward,  with  altitude  about  150  feet.  It 
never  carried  any  river  flow.  The  depth  of  the  estuary  over  this 
divide  was  about  300  feet.  From  the  time  when  the  yielding  ice 
front  allowed  the  sea-level  waters  to  pass  beyond  the  divide  into 
the  Champlain  section,  the  waters  became  the  Hudson-Champlain 
estuary. 

While  the  ice  sheet  lay  against  the  Duzerne-Palmertown  moun- 
tain face,  southwest  of  Glens  Falls,  the  upper  Hudson  and  eastern 
Adirondack  drainage  was  forced  south  at  Corinth,  through  the 
Kayaderosseras  valley,  as  described  above.  During  the  later  phase 
of  this  flow  the  waters  in  the  valley  of  Lake  George  were  forced 
over  into  the  upper  Hudson  by  a pass  6 miles  northeast  of  Luzerne, 
at  an  elevation  of  760  feet  (see  Luzerne  sheet).  The  delta  from 
the  George  overflow  is  found  north  of  Luzerne,  the  broad  sand 
plain  being  660  to  680  feet.  Ten  miles  south,  at  South  Corinth, 
is  the  outlet  of  the  Luzerne  lake,  fed  by  the  upper  Hudson  and 
the  Sacandaga  rivers,  with  altitude  630  to  640  feet  (76). 

When  the  ice  front  weakened  on  the  steep  face  of  Palmertown 
mountain  the  Lake  Luzerne  found  lower  escape  into  the  estuary 
through  the  mountain  pass  where  the  Hudson  now  emerges  from 
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the  highlands.  Here  the  upper  Hudson  waters  built  their  delta, 
the  great  terraced  sand  plain  covering  all  the  southwestern  part 
of  the  Glens  Falls  sheet  and  some  of  the  Schuylerville.  The 
summit  altitude  of  the  marine  waters  in  the  Glens  Falls  district  is 
definitely  shown  by  a series  of  strong  gravel  bars  on  the  terrace 
east  of  the  mountain,  with  a height  of  440  down  to  415  feet.  The 
farmhouse  of  Mrs  M.  Hall  stands  on  the  terrace  at  440  feet.  The 
house  of  Richard  Denton  is  on  a broad  bar,  the  third  below  the 
summit. 

As  the  land  slowly  lifted  the  Hudson  extended  itself  to  reach  the 
retiring  waters,  which  carved  the  sand  deposits  into  the  cliff  and 
terrace  so  well  shown  southwest  of  Glens  Falls,  at  400,  380,  340, 
320,  300,  280  and  260  feet. 

The  latest  deposits  of  the  glacier  in  this  district  are  found  in 
the  moraine  and  kames  north  of  Glens  Falls,  at  the  foot  of  the 
highlands.  During  this  phase  of  the  waning  ice  it  was  faced  by 
the  waters  of  the  George  valley,  occupying  the  passes  either  side 
of  French  mountain.  The  detritus  from  the  land  drainage  was 
mingled  with  the  glacial  drift  and  outwash,  together  forming  a 
morainal  tract  of  cobble  and  sand,  holding  kettles  and  lakes.  Glen 
lake  and  the  neighboring  “ ponds  ” occupy  the  larger  ice-block 
kettles.  These  sand-cobble  tracts  were  partially  leveled  by  the 
lowering  glacial  Lake  George  waters,  down  to  about  460  feet,  and 
below  that  more  effectively  by  the  sea-level  waters.  The  rolling 
and  knobby  gravel  tract  north  of  Pattens  Mills  is  typical  of  the 
deposit  of  mixed  origin.  The  coarser,  hilly  area  about  Glen  lake 
is  more  distinctly  kame-moraine.  The  sand  plain  south  of  French 
mountain,  at  520  feet;  that  about  Rush  Pond,  at  500  and  lower; 
and  the  kettle-plain  at  Bloody  pond,  west  of  French  mountain,  at 
570  feet,  represent  the  glacial  George  waters.  The  terraces  in 
the  valley  southeast  of  French  mountain  at  450  feet,  and  all  the 
lower  plains  and  terraces  are  products  of  the  estuary  waters 
(Woodworth’s  plate  14). 

The  estuary,  sea-level  waters  at  their  higher  levels  occupied  the 
valley  of  Lake  George,  through  the  pass  east  of  French  mountain. 
Small  deltas  and  other  shore  features  will  occur  both  sides  of  Lake 
George  at  and  below  the  summit  marine  plane.  This  plane  is  about 
450  feet  at  Caldwell  and  about  540  at  Ticonderoga.  The  features 
are  mapped  in  paper  93. 

The  Hudson-Champlain  estuary  lay  over  the  western  part  of 
the  Fort  Ann  quadrangle.  Cliff  cuttings  in  the  shales  have  been 
noted  west  of  North  Argyle.  No  close  study  has  been  made  of 
the  rest  of  the  area.  Between  Smith  Basin  and  Fort  Ann  we  see 
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the  north  portion  of  the  narrow  valley  that  was  the  long  divide 
between  the  Hudson  and  Champlain ; now  cut  by  Wood  creek. 
The  only  large  stream  is  the  Mettewee  river.  Its  delta  in  the  sea- 
level  waters  is  apparently  the  filling  at  and  above  Granville,  on  the 
Vermont  line. 

Whitehall  quadrangle.  Sufficient  examination  has  not  been  given 
to  this  area  to  speak  with  confidence  of  the  features.  Good  shore 
phenomena  must  not  be  expected  in  such  narrow  valleys.  The 
small  deltas  of  the  torrential  streams  will  be  the  best  criteria  for 
the  water  levels.  The  marine  altitudes  are  about  490  at  the  south 
edge  of  the  sheet  and  about  530  feet  at  Stony  Point,  the  north 
edge.  The  waters  occupied  the  crooked  valley  of  East  bay  and 
Poultney  river,  and  passed  far  east  to  the  Green  mountains  in 
Vermont  (92). 

The  evidences  of  standing  water  are  very  clear  from  the  trains 
of  the  Delaware  and  Hudson  Railroad. 

Champlain  Valley 

Ticonderoga  quadrangle.  On  this  area  the  estuarine  waters  were 
very  irregular  in  shape,  and  the  shore  features  about  the  hills  on 
the  eastern  side  of  the  lake  have  not  been  examined.  The  eastern 
shore  of  the  estuary  lies  far  eastward  in  Vermont,  beyond  Bran- 
don and  Middlebury,  against  the  west  flank  of  the  Green  moun- 
tains. The  Vermont  features  are  described  in  the  Vermont  report, 
paper  92. 

On  the  west  side  of  Champlain  the  shore  features  are  well  known, 
having  been  described  by  several  authors,  though  not  always  with 
the  correct  interpretation  (75-77,  82,  94). 

The  sand  and  clay  plains  representing  inferior  levels  of  the  Cham- 
plain waters  are  conspicuous.  They  appear  along  the  railroad 
from  Baldwin  to  Ticonderoga,  at  340  to  360  feet;  north  of  Ticon- 
deroga over  a large  area  between  the  lake  and  the  highland,  at 
260  to  280  feet;  and  especially  in  the  embayment  west  and  south- 
west of  Crown  Point,  ranging  from  200  to  480  feet.  The  theoretic 
marine  plane  lies  on  the  west  edge  of  the  sheet  at  about  525  to 
565  feet,  or  along  the  meridian  of  the  lake  at  530  on  the  south  to 
572  on  the  north. 

This  summit  level  of  the  sea-level  waters  is  registered  in  the 
Crown  Point  district  by  gravel  bars.  The  best  series  occurs  3 
miles  northwest  of  Ticonderoga  and  a mile  north  of  Street  road, 
on  the  east  face  of  a kame-moraine,  locally  known  as  Sawyer  hill. 
This  locality  was  cited  by  Baldwin  in  1894  (75,  page  176)  ; 
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described  by  Woodworth  (82,  pages  154-56,  plate  15)  ; and  recently 
by  Barker  (94,  page  12).  In  passing  north  from  Street  road  it 
is  seen  that  the  south  point  of  the  hill  is  strongly  wave-swept.  At 
the  forks  of  the  road  is  a terrace  at  350  feet;  then  we  find  a bar- 
cliff  at  370,  a good  shelf-bar  at  430  to  435  feet  by  the  cemetery 
and  house,  a strong  bar  at  460  under  the  house  of  W.  J.  Cross- 
man, a heavy  cobble  bar-terrace  at  480,  the  wave-smoothed  edge 
of  the  summit  plain  at  530  to  535,  and  a heavy  summit  cobble  bar 
at  540  feet.  The  theoretic  summit  of  the  sea-level  waters  here 
is  something  over  550  feet.  The  rear  side  of  the  plain,  next  the 
bare  rock  face  of  the  mountain,  is  a few  feet  lower  than  the  front 
and  smoothed  by  some  stream  flow  past  the  ice  margin  that  drained 
the  Crown  Point  embayment.  Shallow  kettles  lie  on  the  plain 
and  strong  kettles  at  the  edge.  Woodworth  gives  a map  of  the 
district  (82,  plate  15)  and  thought  that  the  standing  water  did  not 
reach  above  500  feet  because  of  the  unfilled  kettles.  But  we  have 
multitudes  of  kettles  in  deltas  and  river  plains,  and  abundant 
evidence  that  drift-buried  ice  blocks  may  persist  indefinitely  as 
long  as  the  area  is  under  water.  The  kettles  were  not  produced 
until  the  locality  was  lifted  out  of  the  estuary.  The  front  of  the 
plain  is  capped  with  cobble  beaches  which  have  been  made  dis- 
continuous by  the  slumping  in  production  of  the  depressions.  The 
kettles  have  changed  the  surface  as  left  by  the  waves,  but  have 
not  fatally  obscured  the  record.  From  the  edge  of  the  plain,  540 
feet,  down  to  the  lower  silt  plain,  340  feet,  the  front  of  the  kame- 
moraine  is  marked  with  bars  and  benches. 

The  deep  embayment  in  the  mountain  wall,  west  and  southwest 
of  Crown  Point,  was  partially  filled  with  drift  and  stream  detritus, 
largely  of  fine  and  clayey  material.  When  the  district  was  lifted 
these  deposits  were  planed  by  the  lowering  waters,  producing  a 
conspicuous  display  of  terraces  and  flat-topped  areas.  The  evi- 
dence of  standing  water  is  found  much  above  the  marine  plane, 
and  perhaps  represents  glacial  waters  held  in  the  embayment.  The 
shifting  outlet  or  control  of  the  glacial  waters  is  not  determined, 
but  probably  was  along  the  steep  east  face  of  Buck  mountain.  It 
is  possible  that  there  are  unrecognized  elements  in  the  history  of 
this  region.  The  high  levels  are  best  seen  west  of  Crown  Point 
Center  and  at  White  Church,  rising  up  to  610  to  615  feet. 

Barker’s  map  (94,  no.  1)  represents  approximately  the  summit 
level  of  the  marine  invasion.  His  maps  are  correlated  to  imaginary 
outlets  or  flow-control  which  did  not  exist;  and  they  attempt  to 
represent  distinct  water  levels  which  are  not  recorded  either  there 
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or  elsewhere.  Evidences  of  wave-work  can  be  found  up  and  down 
the  valley  at  all  levels,  but  water  planes  can  not  be  postulated  on 
a few  detached  features.  Bar-building  and  cliff-erosion  are  con- 
trolled by  variable  factors,  and  except  for  strong  and  continuous 
beaches  or  through  long  distances  the  inscriptions  are  not  reliable 
for  levels.  Of  course  it  is  probable  that  the  rise  of  the  land  was  not 
perfectly  uniform,  but  there  were  no  pauses  long  enough  to  pro- 
duce distinct  shores  for  any  distance  in  the  Hudson  and  Cham- 
plain valleys. 

With  reference  to  the  assumed  outlet  or  control  of  “ Lake  Ver- 
mont ” at  the  divide  northeast  of  Fort  Edward,  there  is  something 
more  to  be  said.  It  appears  that  200  feet  of  uplift  had  taken  place 
at  Round  lake  at  the  time  Covey  outlet  became  effective,  and  the 
ice  front  lay  on  Covey  hill  (see  page  39).  The  divide  is  31  miles 
farther  north  than  Round  lake,  by  isobases,  and  it  should  have 
been  later  in  its  uplifting.  But  even  assuming  that  it  did  rise  in 
company  with  Round  lake,  the  200  feet  of  uplift  would  have  left 
it  yet  100  feet  under  the  sea  (see  page  40).  And  it  is  not  reason- 
able to  suppose  that  it  rose  the  other  100  feet  during  the  relatively 
short  time  that  Covey  outlet  was  effective. 

It  is  possible  that  the  divide  rose  300  feet  and  was  out  of  water, 
or  above  sea  level,  when  the  Champlain  waters  were  permitted  to 
mingle  with  the  salt  water  of  St  Lawrence  gulf. 

In  the  valley  of  Lake  George  the  shore  features  have  not  been 
seriously  examined,  but  the  proofs  of  standing  water  at  various 
levels  are  evident.  Theoretically,  the  highest  levels  should  corre- 
late with  the  outlet  toward  Luzerne,  760  feet.  With  some  allow- 
ance for  depth  of  water  in  the  outlet  it  makes  the  water  level  at 
Caldwell  about  780  feet,  or  some  460  feet  over  the  present  lake. 
At  Ticonderoga  the  plane  would  be  about  860  feet,  or  some  540 
over  the  lake.  The  pass  west  of  French  mountain  gave  an  outlet 
185  feet  lower.  The  marine  plane  is  about  115  feet  below  the 
second  glacial  plane.  The  marine  plane  is  estimated  to  lie  at  about 
470  feet  at  Caldwell  and  545  at  Ticonderoga.  It  is  for  future 
students  to  verify  and  correct  these  three  planes  in  the  George 
valley. 

Port  Henry  quadrangle.  The  most  striking  feature  on  the  map 
is  the  vast  clay  plain  east  of  the  lake,  with  the  Dead  creek,  repre- 
senting the  later  work  of  the  receding  marine  waters. 

Snake  mountain  stood  as  an  island  in  all  the  sea-level  waters, 
and  distinct  summit  shore  features  will  doubtless  reward  careful 
search.  With  this  wave-beaten  height  we  take  leave  of  shore  fea- 
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tures  on  the  east  side  of  the  Champlain  valley,  as  they  lie  far 
east  in  Vermont  (9 2). 

At  Port  Henry  is  a narrow  embayment  or  recess  in  the  west  wall 
of  the  Champlain  valley  which  holds  some  excellent  but  puzzling 
records  of  standing  waters.  West  and  northwest  of  the  village 
good  delta  terraces  occur,  related  to  Mill  brook.  The  fair  ground 
is  on  a plain  at  600  feet,  with  wave  erosion  at  the  road  corners. 
The  cemetery  is  on  another  plain,  the  higher  terrace  being  640  to 
650  feet.  These  levels  are  seen  both  sides  of  the  creek  valley. 
North  of  the  fair  ground  on  the  east-facing  slope  are  ridges  and 
shelves  that  appear  wave-shaped  at  640  to  660  feet. 

Southwest  of  the  village,  by  McKenzie  brook,  a good  series  of 
bars  occur  on  both  the  north  and  south  roads.  On  the  north  road 
the  topmost  bar  is  under  the  house  of  A.  M.  Edwards,  at  620 
feet  by  the  map.  Four  other  close-set  ridges  carry  down  to  about 
550  feet,  with  terracing  on  the  delta  to  530  feet.  On  the  south 
road  the  upper  bar  carries  two  houses  at  about  630  feet,  with 
moraine  beyond  (above)  it.  In  the  field  toward  the  brook  good 
bars  occur  at  605  down  to  560  feet;  and  terraces  to  500  feet. 

The  reason  for  the  above  detail  is  the  fact  that  these  features 
lie  much  above  the  theoretic  marine  plane,  which  is  here  about 
570  or  575  feet.  The  lower  of  the  gravel  bars  falls  within  the 
marine  level,  but  the  highest  is  60  feet  too  high.  The  topography 
of  the  valley  wall  and  the  small  width  of  the  embayment  do  not 
favor  the  existence  of  glacial  waters  with  wave-efficiency  to  pro- 
duce the  bars ; and  the  vertical  succession  of  the  bars  through  70 
feet  rules  out  any  definite  outlet  or  fixed  control.  The  series  of 
close-set,  well-developed  bars  is  similar  to  those  positively  due  to 
slow  rise  of  the  land  out  of  water;  and  none  of  several  explana- 
tions in  appeal  to  nonmarine  origin  are  satisfactory.  It  seems 
more  likely  that  in  this  region,  the  east  flank  of  the  Adirondack 
mass,  there  has  been  an  excessive  uplift  of  60  feet,  with  or  with- 
out Postglacial  faulting.  The  superior  height  of  the  Crown  Point 
terraces,  coupled  with  high  features  in  the  Peru  region,  to  be  noted 
later,  lend  force  to  this  view.  In  such  case  our  theoretic  or  datum 
plane  does  not  represent  quite  the  total  rise  in  the  Champlain 
region.  The  profile,  plate  10,  is  drawn  to  connect  with  the  summit 
shore  at  Covey  hill. 

About  Westport  are  conspicuous  lower  plains,  but  the  summit 
features  have  not  been  sought. 

The  estuary  waters  penetrated  far  inland  up  the  valley  of  Bou- 
quet river,  which  has  a bend  on  this  sheet,  and  the  primary  or  full- 
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height  delta  appears  at  and  south  of  Elizabethtown,  8 miles  west 
of  Westport.  The  village  is  built  on  the  delta,  with  altitude  600 
to  640  feet,  and  lies  just  above  the  isobase  of  600  feet.  This  delta 
was  the  product  of  several  streams  uniting  at  this  place.  The 
superior  altitude  of  the  delta  is  due  to  the  aggradation  in  a narrow 
valley  far  from  the  base  level.  The  “ Pleasant  valley  ” section 
is  graded  to  a lower  level,  560  feet.  This  locality  was  made  the 
subject  of  a paper  by  Ries  (74). 

Willsboro  quadrangle.  The  profde  levels  along  the  west  side  of 
the  lake  rise  from  about  615  to  660  feet. 

The  lower  plains  of  the  Bouquet  delta  are  conspicuous  on  the 
map,  north  and  south  of  Willsboro.  The  coarser  detritus  of  the 
river  was  dropped  at  the  junction  with  the  high-level  waters  far 
inland,  that  of  the  south  branch  at  Elizabethtown,  as  already  noted, 
and  that  of  the  north  branch  on  the  Ausable  quadrangle  3 miles 
north  of  Towers  Forge. 

The  hill  2 miles  south  of  Willsboro  carries  elegant  inferior  bars 
on  the  summit  and  east  face,  from  300  feet  down.  Northwest  of 
East  Bouquet  mountain  clear  evidence  of  standing  water  was  seen 
along  two  roads  up  to  a height  of  620  feet.  The  theoretic  height 
is  about  625  feet.  Examination  of  the  area  will  locate  many  evi- 
dences of  summit  wave  action. 

Plattsburg  and  Dannemora  quadrangles.  On  this  area  the  sum- 
mit shore  features  lie  inland,  with  handsome  display.  The  Platts- 
burg sheet  shows  the  low  ground  built  by  the  Ausable,  Little 
Ausable,  Salmon  and  Saranac  rivers.  But  the  south  edge  of  this 
sheet  covers  the  north  part  of  the  Trembleau  mountain,  which 
carries  on  its  northwest  slope  a fine  series  of  gravel  bars  below 
the  summit  of  the  marine  flood.  Woodworth  maps  these  bars  in 
his  plate  21. 

The  Trembleau  gravel  bars  lie  one  and  one-half  miles  south- 
west O'f  Port  Kent,  and  2 miles  east  of  Keeseville.  An  east  and 
west  road  crosses  the  plateau  which  carries  the  higher  good  bars. 
The  highest  bars,  at  about  590  feet,  lie  in  weak  form  close  to  the 
steep  northwest  face  of  the  mountain.  This  is  70  feet  short  of 
the  summit  plane,  but  the  steep  rock  face  shows  its  rinsing.  On 
the  road  bars  appear  at  about  575,  560,  545  and  530  feet.  The 
northwest  end  of  the  hill  is  encircled  by  a series  of  bars  to  a lower 
level.  The  lowest  feature  is  a cliff  toward  the  railroad  and  near 
the  border  of  the  silt  plain.  Woodworth  indicates  shore  features 
on  the  north  and  east  faces  of  the  mountain. 

A mile  southeast  of  Keeseville,  on  the  northwest  and  north  slope 


Plate  14 


Erosion  cliff  on  delta  sand  plain.  Two  miles  northwest  of  Harkness ; on  town  line.  Looking  west.  Altitude 

640  feet. 
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of  Prospect  hill  (Willsboro  sheet)  good  evidences  of  wave  work 
appear  at  600  feet. 

About  Keeseville  the  Ausable  river  has  laid  down  extensive 
gravel  plains  at  500  feet  altitude,  with  terraces  declining  to  Lake 
Champlain.  The  summit  waters  extended  up  the  river  10  miles 
from  Keeseville,  to  Ausable  Forks,  and  broad  plains  between  there 
and  Clintonville,  at  660  feet  by  the  map,  represent  the  higher  delta. 

The  Dannemora  quadrangle  carries  some  of  the  strongest,  hand- 
somest and  most  convincing  shore  features  of  the  marine-level 
waters  of  the  State.  As  these  are  mapped  in  plate  8,  detailed 
description  will  be  unnecessary.  It  will  be  seen  on  the  map  that  the 
bars  have  been  plotted  on  the  highways,  but  have  not  been  traced 
across  country,  which  gives  the  beaches  on  the  map  a broken  and 
patchy  appearance,  untrue  to  fact. 

Along  the  meridian  of  Harkness,  Clark  School,  Beckwith  School, 
and  West  Plattsburg  the  summit  plane  rises  from  about  660  at 
Harkness  to  over  700  feet  at  the  north  edge  of  the  map.  The 
deltas,  glacial  channels,  and  summit  bars  agree  closely  with  this 
plane.  The  only  discrepancy  noted  is  the  excessive  height  of  some 
bars  a mile  southwest  of  Clark  School  which  rise  to  706  feet  by 
the  map,  or  nearly  40  feet  above  the  profile  (plate  10).  The 
Harkness  embayment  was  competent  to  hold  broad  glacial  waters, 
but  these  bars  are  so  closely  connected  with  the  marine  shore  that 
they  are  regarded  in  the  same  categoiy  as  the  high  Port  Henry  bars. 

Three  classes  of  features  are  depicted  on  the  map:  (1)  the  ice- 
border  drainage  channels  which  terminate  at  or  somewhat  beneath 
the  static  waters;  (2)  the  cobble  and  gravel  bars  of  wave  con- 
struction; (3)  delta  plains  and  terraces  which  occur  at  varied  levels, 
from  somewhat  above  the  static  waters  to  low  levels  in  the  sub- 
siding waters  (plate  14). 

As  is  usually  the  case  along  all  shore  lines,  the  heaviest  bars 
are  somewhat  below  the  summit  plane,  where  the  waves  had  suf- 
ficient accumulation  of  coarse  material.  The  vertical  series  of 
heavy  bars  are  found  on  stony  slopes,  usually  so  rough  and  stony 
as  to  be  left  uncultivated.  Above  and  below  the  ground  may  be 
tilled.  All  the  strong,  close-set  bars,  not  only  on  the  Dannemora 
quadrangle  but  elsewhere,  are  on  tracts  of  cobble  or  coarse  gravel, 
commonly  the  deltas  of  glacial  streams.  Over  ground  immersed 
in  sand  the  waves  produce  only  smooth  or  rolling  surfaces.  On 
the  areas  of  rising  land,  with  open  sea  and  free  wave  action,  the 
construction  of  bars  required  coarse  materials,  at  least  for  the 
basis  or  framework. 
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On  the  north  edge  of  the  sheet,  2 miles  north  of  West  Platts- 
burg,  is  the  termination  of  an  extensive  cobble  delta  tract,  built 
by  glacial  drainage  along  the  high  ground  west  of  West  Chazy 
(plate  5).  This  carries  a remarkably  fine  series  of  bars,  as  depicted 
on  the  sheet,  ranging  from  684  down  to  570  feet  (plate  15).  On 
this  sheet  the  relative  vertical  position  of  the  Covey  Hill  P.  O. 
beaches  is  a smooth,  sandy  plain  2 miles  northeast  of  West  Platts- 
burg,  with  no  decided  shore  forms.  It  illustrates  the  fact  stated 
above,  the  absence  of  bars  on  sand  plains.  The  Saranac  sand  delta 
illustrates  the  lack  of  bars  on  sands. 

The  Northern  Salient.  Covey  Hill 

Plate  5 

Physiography.  The  northern  promontory  of  the  Adirondack 
highland  is  shown  in  plate  5,  made  up  of  the  Mooers,  Churubusco 
and  Chateaugay  sheets,  with  a strip  of  the  Canadian  Chateaugay 
sheet.  This  salient,  wholly  of  Potsdam  sandstone,  terminates  a 
mile  north  of  the  international  boundary  in  an  oval  knob,  locally 
known  as  Covey  hill.  The  summit  of  the  hill  is  given  by  the  map 
as  1 1 13  feet.  It  drops  off  steeply  on  the  north,  falling  to  300  feet 
in  2 miles.  The  depression  south  of  the  hill,  and  one-half  of  a 
mile  north  of  the  boundary,  has  an  altitude  on  the  long  swamp 
col  of  1000  feet  plus,  by  the  map.  The  steep  gorge  on  the  east 
of  the  divide  has  been  known  as  the  “ gulf.”  In  relation  to  the 
glacial  history  this  locality  is  perhaps  the  most  critical  in  the  State. 
The  first  geologist  to  recognize  the  significance  of  the  Covey  pass 
as  related  to  the  glacial  waters  was  Dr  G.  K.  Gilbert,  who  was  the 
pioneer  in  glacial  work,  especially  in  New  York. 

The  water  parting,  it  will  be  noted,  is  on  the  west  side  of  the 
promontory,  which  throws  the  larger  territory  into  eastward  drain- 
age, the  Chazy  river.  The  Chateaugay  river  gathers  the  waters 
of  the  west  slope.  This  is  partial  explanation  of  the  larger  volume 
of  ice-border  drainage  on  the  Mooers  quadrangle.  Along  the 
boundary  a strip  2 miles  wide  drains  into  Canada. 

As  the  Labradorian  ice  front  backed  away  on  this  salient,  the 
glacial  outwash  flowed  freely  away,  east  and  west,  making  no 
decided  channels  near  the  crest  of  the  ridge.  On  the  west  all  the 
waters  found  their  way  into  Lake  Iroquois  by  the  channels  depicted 
on  the  Chateaugay  sheet.  On  the  east  slope  the  waters  came  to 
rest  in  the  sea-level  Champlain  estuary. 

Mooers  quadrangle.  The  drainage  and  static  water  features  are 


Plate  15 


South  edge  of  Cobble  delta,  2 miles  north  of  West  Plattsburg.  Looking  north.  Altitude  about  570  feet 


Plate  i 6 


Cobble  delta,  built  at  sea  level,  now  700  feet  above  sea.  One  and  one-fourth  miles  southwest  of  West  Beekmantowu. 

Looking  north,  upstream. 
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Plate  17 


Glacial  stream  work  on  nose  of  hill  4 miles  south  of  Altona.  Looking  east,  downstream.  Altitude  1200  feet. 
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Plate  18 
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shown  in  a broad  way  in  plate  5.  This  quadrangle  was  made  the 
subject  of  a special  paper  by  Woodworth  (81),  and  was  also  cov- 
ered in  his  more  comprehensive  Bulletin  84  (82).  At  the  time  of 
Woodworth’s  study  no  territory  adjacent  to  the  Mooers  quadrangle 
had  been  mapped  and  definite  correlation  of  features  could  not  be 
made.  It  becomes  necessary  to  republish  the  sheet  in  order  to 
locate  the  summit  shore  line  of  the  sea-level  waters,  to  show  the 
relation  of  features  to  adjacent  territory,  and  to  reveal  graphically 
the  sequence  of  events  or  the  later  Pleistocene  history  — the  very 
latest  glacial  events  of  New  York  State. 

Much  study  has  been  given  to  this  area,  long  ago  by  Woodworth 
and  later  by  the  writer.  Many  visits  have  been  made  and  some 
localities  have  been  visited  several  times.  Some  of  the  features 
are  so  peculiar  or  equivocal  or  unusual  in  character  that  they  were 
uncertain,  and  at  first  were  misinterpreted.  Some  of  the  heavy 
tracts  of  cobble  and  boulder  delta  stuff  had  been  regarded  as 
moraine.  The  key  to  the  history  has  been  the  determination  of 
the  summit  level  of  the  sea-level  water,  but  much  time  and  travel 
have  been  required  to  verify  phenomena  at  critical  points.  Even 
now  there  are  stretches  of  the  summit  shore  line,  rather  inacces- 
sible, far  from  deltas  and  of  weak  development,  which  are  inter- 
polated on  the  map.  Future  study  will  verify  the  shore  line. 

The  position  of  the  summit  shore  is  determined  by  (1)  wave- 
built  bars;  (2)  higher  terraces  on  deltas;  (3)  lowest  reach  of  the 
ice-border  drainage.  The  last  is  well  displayed.  Over  large  areas 
the  Potsdam  sandstone  has  been  stripped  of  its  drift  mantle,  and 
in  the  Altona  region  conspicuous  channels  have  been  cut  (see 
Woodworth’s  illustrations).  These  areas  of  glacial  drainage  make 
the  most  conspicuous  features  of  the  map. 

The  sandstone  in  this  region  has  an  eastward  dip  and  formed 
a hard  floor,  declining  toward  the  receding  ice  front,  thus  favoring 
the  stripping.  Four  areas  of  the  “ stripped  rocks  ” may  be  dis- 
criminated on  the  map  (plate  5).  First,  the  Altona  rocks,  south 
and  southeast  of  Altona  (81,  page  18;  82,  page  161).  This  area 
is  some  5 miles  long  by  1 or  2 miles  wide.  The  upper  margin  on 
the  east  slope  of  Big  Hill  must  lie  under  1100  feet,  and  the  lower 
limit  is  at  Pine  ridge,  at  the  marine  plane.  Earlier  glacial  stream 
flow  is  indicated  at  higher  levels  south  of  Big  hill.  The  Altona 
rocks  are  famous  for  their  production  of  huckleberries  (plate  18). 

The  other  bare  rock  areas  are  partly  on  the  adjacent  Churu- 
busco  quadrangle.  The  second  is  the  area  southwest  of  Cannon 
Corners,  called  the  Blackman  rocks.  The  third  is  the  Stafford 
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rocks,  west  and  northwest  of  Cannon  Corners,  and  traversed  by 
the  road  from  White  School  to  the  Rebideau  farms.  Fourth,  Arm- 
strong’s Bush,  an  indefinite  rocky  area  on  the  north  edge  of  the 
map,  which  records  the  latest  glacial  stream  flow  in  the  State. 

The  heavy  delta  tracts  of  coarse  materials  are  the  product  of  the 
copious  drainage  noted  above,  of  which  two  are  of  special  note. 
The  southern  and  earlier  delta  tract  is  the  belt  of  bouldery,  cobbly 
stuff,  complicated  with  moraine  piling,  lying  west  of  West  Beek- 
mantown  and  West  Chazy,  the  effects  of  the  Altona  drainage.  The 
later  large  and  coarse  deposit  is  on  the  west  edge  of  the  Mooers 
sheet  at  the  north,  and  related  to  the  bare  rock  areas  on  the  west. 

West  Chazy  district.  In  this  district,  the  southern  part  of  the 
Mooers  sheet,  is  a remarkable  display  of  summit  shore  features. 
The  copious  drainage  from  the  Altona  rocks  supplied  superabund- 
ance of  very  coarse  material  for  work  of  the  waves,  while  the  ice 
built  its  frontal  moraines  as  a foundation  for  bar,  construction. 
We  have  here  a complex  of  features  which  will  be  misinterpreted 
and  wrongly  diagnosed  by  the  geologist  who  has  not  had  experience 
with  such  deposits.  Here  is  the  work  of  powerful  torrential  waters 
mingled  with  morainal  material,  and  then  more  or  less  modified 
or  reshaped  by  the  wave-work  of  the  highest  static  waters.  The 
effects  of  the  three  agencies  are  mingled  in  varying  proportions  and 
it  is  often  difficult  or  even  impossible  to  discriminate  the  wave 
work,  especially  at  the  topmost  line  of  the  standing  waters.  In 
some  cases  the  approximate  summit  is  marked  by  wave  embank- 
ments, but  commonly  the  unmistakable  bars  are  inferior  to  the 
summit  level. 

On  the  junction  of  the  Mooers  and  Dannemora  sheets  the  sum- 
mit beach  lies  against  a steep  slope  at  slightly  over  700  feet.  Imme- 
diately west  of  the  four  corners,  at  the  bottom  edge  of  the  Mooers 
sheet,  is  a heavy  bar  ridge  with  precise  altitude  (U.  S.  G.  S.)  684 
feet;  and  just  east  of  the  corners  is  another  strong,  conspicuous 
cobble  ridge  at  660  feet.  The  south  termination  of  the  delta  tract 
is  seen  on  the  Dannemora  sheet,  plate  8.  Northward  on  the  north- 
leading road  the  delta  gravels  are  shaped  into  indefinite  ridges  at 
about  700  feet.  The  photograph  is  plate  16. 

One-half  of  a mile  west  by  south  from  West  Beekmantown  is  an 
isolated  ridge,  probably  morainal,  rising  to  joo  feet.  About  the 
south  end  of  the  ridge  are  heavy  bars  of  boulder  and  cobble.  On 
the  east  slope  at  the  north  end  the  ground  is  so  rough  that  no  one 
would  suspect  it  to  have  been  subjected  to  centuries  of  heavy  wave 
action.  It  is  a good  example,  that  can  be  indefinitely  multiplied,  of 
the  nonvalue  of  negative  shore-line  characters. 


Plate  19 


Summit  of  “Cobblestone  Hill”  in  June  1912.  The  veneer  of  cobble  laid  by  wave-work  has  been  removed  for  con- 
struction of  the  concrete  dam  on  the  west  slope,  revealing  a bowlder  moraine  as  the  mass  of  the  ridge.  Look- 
ing west  of  north. 
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Toward  and  at  Shelter’s  Corners,  northwest  of  West  Beekman- 
town,  the  delta  stuff  is  shaped  into  a fine  display  of  bar  ridges. 
Northeast  of  the  corners  the  summit  ridge  is  over  700  feet,  and 
between  that  crest  and  the  three  corners  below  12  to  15  bars  may 
be  counted  in  the  drop  to  580  feet.  A mile  north  of  Shelter’s 
Corners  is  a long  ridge  carrying  a road,  and  wave  action  is  shown 
to  the  summit,  700  feet.  Behind  this  ridge,  on  the  west,  is  a smooth 
hollow,  over  20  feet  deep,  which  was  apparently  a channel  for  the 
latest  flow  when  the  ice  front  was  building  the  ridge.  Such  smooth 
channels  somewhat  beneath  the  static  water  level  are  to  be  expected 
near  the  summit  level  where  the  glacier  front  was  piling  coarse 
moraine  stuff  in  bold  ridges,  that  the  waves  could  not  later 
demolish.  Where  there  was  little  moraine  drift,  or  drift  of  finer 
material,  the  frontal  stream  channels  might  be  more  or  less 
obliterated. 

One  and  one-half  miles  west  of  West  Chazy  on  the  east-facing 
slope  the  cobble  bars  are  well  developed.  On  the  highway,  the 
Basset  road,  10  to  12  bars  are  counted  in  the  fall  from  500  to  400 
feet.  This  lower  series  of  bars  has  about  the  relative  vertical 
position  of  the  Franklin  Center  series  in  Canada,  previously 
mentioned. 

Cobblestone  hill.  This  hill,  described  and  illustrated  by  Wood- 
worth  (81,  pages  32-35),  is  a good  example  of  a moraine  ridge 
modified  in  form  by  wave  work.  Lying  detached,  a mile  north  of 
the  Basset  road,  and  with  conspicuous,  bare,  cobble  bars  crossed  by 
the  road,  it  was  the  subject  of  special  notice.  The  top  and  east 
slope  were  handsomely  shaped  into  bars  of  well-rounded  cobble. 
The  summit  bar  was  665  feet  altitude,  the  lower  bars  ranging  down 
to  580  feet.  The  summit  was  at  least  50  feet  beneath  the  highest 
stand  of  the  Champlain  waters.  In  recent  years  a reservoir  has 
been  built  on  the  west  of  the  hill  and  the  summit  cobble  bar  has 
been  entirely  destroyed  for  concrete  material.  This  removal  shows 
that  the  cobbles  were  only  a veneer  for  a block  moraine  ridge  (see 
plate  19).  Cobblestone  hill  is  not  unique,  but  an  example  of 
the  moraine  ridges  more  or  less  modified  by  wave  action.  The 
occurrence  of  such  a large  quantity  of  uniform  cobble  on  the 
detached  hill  is,  however,  a puzzle,  and  suggests  that  there  may  be 
some  unknown  factor  in  the  history  of  the  ridge. 

The  character  of  the  Altona  channels  suggests  a larger  stream 
flow  than  merely  that  of  the  local  waters,  the  Chazy  rivers  and  the 
glacial  outflow.  The  eastward  position  of  the  Altona  highland 
seems  to  make  it  quite  certain  that  the  Altona  channels  carried  the 
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earlier  Iroquois,  that  through  the  Covey  pass.  Woodworth  seems 
to  have  recognized  this.  This  implies  that  the  ice  front  rested 
against  the  Altona-Beekmantown  highland  after  the  ice  had 
deserted  the  notch  south  of  Covey  hill.  It  also  requires  a glacial 
lake  in  the  embayment  west  of  Altona.  There  are  evidences  of 
standing  water  between  Altona  and  Alder  Bend,  and  north  of 
Ellenburg  Depot  at  900  to  960  feet.  We  may  refer  to  this  water 
as  the  Ellenburg  lake. 

The  later  outflow  of  Iroquois  produced  the  features  in  the  Can- 
non Corners  district. 

Cannon  Corners  district.  Here  we  find  another  remarkable  dis- 
play of  Pleistocene  features,  fully  matching  that  described  in 
Altona.  It  includes  vast  areas  of  stripped  rock,  numerous  river 
channels,  enormous  piling  of  cobble  deltas  over  large  tracts,  and 
splendid  development  of  high-level  bars. 

The  areas  of  stripped  rock  have  been  named  above.  They  are 
essentially  a single  area;  that  is,  they  represent  the  work  of  the 
same  drainage,  the  Iroquois  outflow,  with  falling  levels  as  it  washed 
the  retreating  ice  front.  The  rocks  are  Potsdam  sandstone,  usually 
in  irregular  terraces,  but  sometimes  steeply  dipping.  The  inclined 
beds  are  well  shown  at  Mitchell  Rebideau’s  place,  2 miles  south- 
east of  Covey  gulf.  The  stripped  rocks  may  be  conveniently  seen 
by  taking  either  of  three  roads:  the  indefinite  and  branching  rock 
roads  leading  west  from  near  the  schoolhouse,  three-fourths  of  a 
mile  south  of  Cannon  Corners ; the  road  going  west  from  Cannon 
Corners;  and  the  road  at  the  White  School,  a mile  north  of  the 
Corners,  leading  to  the  Rebideau  farms.  The  limits  of  the  bare 
rocks  are  not  perfectly  defined  on  the  map.  The  rocks  are  par- 
tially covered  with  scrub,  bushes  and  huckleberries,  and  the  pre- 
cise mapping  is  not  worth  present  effort.  At  a rough  estimate, 
they  extend  some  6 miles  north  and  south,  and  perhaps  average  a 
mile  and  one-half  in  width,  or  9 square  miles  in  area.  The  surface 
in  general  declines  eastward,  and  the  river  flow  which  swept  them 
clean  migrated  down  the  slope,  clinging  to  the  ice  margin  as  the 
glacier  slowly  gave  way.  The  lowest  points  of  bare  rock,  and  the 
termination  of  river  work,  lie  along  the  north  and  south  road  from 
Cannon  Corners  to  Shea’s  Lines.  One  exposure  of  rock  is  seen  on 
the  highway  one-half  mile  north  of  the  Corners,  and  another 
three-fourths  of  a mile  south  of  the  international  boundary. 

As  the  rivers  reached  the  sea-level  waters  near  the  north  and 
south  line  of  the  highway,  it  is  along  this  road  that  we  find  the 


Plate  20 


Glacial  stream  channel  on  cobble  delta.  By  White  School,  i mile  northwest  of  Cannon 
Corners.  Altitude  about  735  feet.  Looking  north.  The  latest  glacial  drainage  in 
New  York,  being  the  last  of  Iroquois  downdrainage. 
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delta  tracts  of  coarse  stuff,  formerly  mistaken  for  moraine,  and 
cobble  bars  in  excellent  development. 

Passing  south  from  Shea’s  Lines  the  road  lies  on  a boulder 
moraine,  at  760  feet,  shown  in  plate  21.  East  and  west  of  the  low 
ridge  are  shallow  scourways,  the  latest  and  lowest  definite  channels 
of  glacial  river  flow  in  New  York.  The  altitude  of  these  channels 
is  740  feet.  The  road  crosses  the  west  channel  three-fourths  of  a 
mile  south  of  the  boundary,  and  immediately  south  is  seen  some  of 
the  coarse  delta  stuff  dropped  by  this,  or  the  preceding  flow,  when 
checked  by  confluence  with  the  marine-level  waters.  The  White 
School,  by  the  corners  leading  to  Rebideau’s,  is  in  another  river 
channel  (plate  20),  which  has  an  altitude  on  the  road  of  720  feet, 
10  or  15  feet  beneath  the  marine  plane.  The  delta  stuff  might 
be  mistaken  for  moraine.  South  of  the  White  corners  the  road  rises 
slightly  on  the  cobble  delta,  follows  it  for  one-fourth  of  a mile  and 
crosses  another  bare  rock  channel  at  720  feet. 

Strong  cobble  bars  lie  east  of  the  road,  the  highest  southeast  of 
the  White  School  at  735  feet.  North  of  Cannon  Corners  the  road 
crosses  a series  of  six  bars,  the  highest  being  720  feet  and  the 
lowest,  close  to  the  corners,  at  700  feet.  This  fine  series  of  bars 
curves  about  the  slope  and  parallels  the  road  northward.  Cannon 
Corners  and  the  road  leading  west,  up  English  river,  are  on  very 
coarse  delta.  The  surface  appearance  is  that  of  a bouldery 
moraine,  but  the  banks  of  the  river  cutting  show  its  character  as 
torrent  deposit.  South  of  Cannon  Corners  one-third  of  a mile  is 
another  series  of  cobble  bars,  in  altitude  from  720  down  to  700 
feet,  but  behind  the  schoolhouse  and  at  the  corners  of  a west-leading 
road  is  evidence  of  wave  work  up  to  730  feet.  These  bars  swing 
to  southward  and  continue  in  good  shape  for  over  a mile  along  the 
slope  of  the  delta  on  the  east  side  of  the  road  with  an  altitude  of 
720  down  to  712  feet.  For  one  and  one-half  miles  southward  the 
road  lies  on  the  delta,  which  suggests  the  amount  of  rock-rubbish 
that  the  glacial  drainage  swept  off  from  the  Blackman  rocks. 

The  sand  plain  delta  of  the  Chazy  river,  north  branch,  heads  at 
720  feet  but  declines  to  660  feet  3 miles  east,  as  shown  by  rem- 
nants. From  this  locality  the  marine  shore  turns  southeastward,  as 
shown  in  the  map. 

The  series  of  lower  beaches,  the  Franklin  Center  shore  line,  is 
very  strongly  represented  on  the  north  edge  of  the  Mooers  sheet, 
in  42  bars  of  coarse  material  spaced  over  one  and  one-fourth  miles. 
Two  miles  southeast  by  English  river  the  level  is  represented  by 
numerous  weak  bars.  Southwest  of  Sciota  the  shore  appears  in 
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good  form,  and  again  west  of  West  Chazy.  As  already  stated 
(page  19)  this  level  of  the  lowering  waters  is  not  recognized  dis- 
tinctly south  of  the  Mooers  quadrangle. 

The  Covey  channel.  The  form,  dimensions  and  relations  of  the 
Covey  pass  are  shown  on  plate  5. 

The  postglacial  drainage  history  of  this  critical  locality  is  not 
known  in  all  its  details.  The  locality  is  difficult  to  reach,  far  from 
highways  and  farther  from  any  hospitable  place  of  entertainment. 
It  is  a wild  and  romantic  place;  forest  on  the  north  wall  of  the 
channel,  the  roughest  kind  of  rocky  and  swampy  ground  on  the 
south  side;  on  the  west,  at  the  head  of  the  channel,  a wide  swamp 
and  lake;  and  on  the  east,  downstream,  steep  or  precipitous  rock 
cliffs  and  ledges,  dropping  down  to  the  exceedingly  rough  lower 
ground.  Attempts  to  reach  the  pass  from  the  south  were  aban- 
doned on  account  of  the  difficulty  and  limitation  in  time. 

The  channel  proper  is  a splendid  example  of  an  abandoned  river 
bed,  over  the  hardest  of  sandstone ; but  it  is  unusual  in  the  absence 
of  any  correlating  delta.  Below  the  normal  channel  we  expect  to 
find  the  deposited  detrital  burden  of  the  current.  Here  is  nothing 
of  the  sort.  The  low  ground  southeast  is  very  rough,  with  no 
deposit  of  ordinary  detritus.  The  only  loose  material  within  the 
grasp  of  the  stream  was  whatever  filling  of  drift  the  ice  sheet  had 
left  in  the  pass. 

It  is  more  than  possible  that  the  recent  history  of  the  pass  has 
been  duplicated  by  glaciation  earlier  than  the  Wisconsin  (Labra- 
dorian ice  body),  and  this  admission  makes  it  uncertain  as  to  how 
much  of  the  form  and  character  of  the  channel  are  really  due  to 
Iroquois  outflow,  and  how  much  to  earlier  episodes  of  river  work. 

It  seems  probable  that  the  earliest  water  across  the  col  was 
tributary  to  a glacial  lake,  which  we  may  call  the  Ellenburg  lake, 
having  its  control  on  the  Altona  rocks.  As  the  Ellenburg  waters 
lowered,  the  Covey  river  cascaded  over  the  Potsdam  ledges  and 
removed  whatever  detritus  it  had  dropped  in  the  preceding  flow. 
Its  latest  cascading  must  have  been  the  most  vigorous  and  erosive. 
Another  query  is  whether  the  rocks  on  the  lower  ground  are  partly 
glacial,  rinsed  off  by  the  flood,  or  blocks  plucked  from  the  channel 
by  the  latest  river,  or  by  more  ancient  rivers. 

The  ravine  or  “ gulf  ” below  the  upper  broad  channel,  with  its 
lakelets  is  evidence  of  plunging  flow  to  low  receiving  waters,  prob- 
ably at  the  marine  level.  The  ravine  is  not  correctly  contoured, 
for  about  midway  between  the  head  of  the  gulf  and  Covey  Hill 
post  office  is  an  extensive  filling,  with  piled  rocks,  and  broad  swamps. 
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The  upper  swamp  was  estimated  as  one-fourth  of  a mile  long,  with 
aneroid  altitude  765  feet.  The  lower  filling  was  made  740  feet, 
the  marine  level.  The  total  length  of  the  swamps  and  rock  piles 
was  thought  to  be  nearly  a mile.  This  may  be  regarded  as  the 
delta  of  the  Covey  river  at  the  sea  level,  during  its  latest  flow. 

The  rock  bottom  of  the  river  channel  is  1010  feet  altitude  on  the 
divide.  The  limit  of  visible  water  work  on  both  the  north  and 
south  banks  is  about  1030  feet.  The  granite  boundary  monument 
on  the  south  side  of  the  ravine  has  an  altitude  of  929  feet  at  the 
base  and  934  feet  for  the  top.  The  altitudes  given  on  the  Churu- 
busco  sheet  for  the  boundary  monuments  are  all  for  “ top  of  monu- 
ment.” On  the  Chateaugay  sheet  the  altitudes  refer  to  the  base  of 
monuments. 

North  slope  and  shore  lines  of  Covey  hill.  The  steep  north  and 
northeast  slopes  of  Covey  hill  are  mostly  in  forest,  with  only  a few 
small  clearings.  A traverse  was  made  down  the  north  slope,  but 
the  line  of  strongest  pressure  and  longest  hold  by  the  ice  front 
must  have  been  on  the  northeast 1 face.  The  surface  of  the  north 
slope  is  gradual  and  fairly  smooth,  such  as  would  be  expected  of 
a strongly  glaciated  surface,  down  to  1010  feet,  corrected  aneroid. 
Below  that  occur  rock  ledges,  benches  and  irregular  terraces,  such 
as  belong  to  steep  slopes  cut  by  rivers  held  to  their  work  by  the 
forceful  glacier. 

From  over  1000  feet  down  to  over  700  feet  the  slope  must  have 
been  eroded  by  the  profuse  waters  of  the  Iroquois  downdraining. 
Below  about  720  feet,  allowing  20  or  30  feet  of  cutting  below 
static  water  level,  the  slopes  were  subjected  to  wave  work  of  the 
sea-level  water.  Below  the  marine  plane  the  steeper  slopes  show 
the  ledges  and  rock  piles  due  to  wave  action,  while  the  moderate 
slopes  carry  embankments  of  wave  construction. 

The  evidence  of  wave  work  at  740  feet  is  clear  at  all  points 
where  the  plane  has  been  examined.  On  the  highway  leading  down 
the  east  side  of  the  hill  a well-defined  clifif  occurs  at  the  critical 
level,  and  others  at  lower  levels,  especially  at  about  640  to  625 
feet.  On  the  north  and  south  road,  2 miles  west  of  the  hilltop, 
the  level  appears  in  terraces  at  the  angles  in  the  road.  Three  miles 
farther  west,  by  the  four  road  angles,  distinct  cliffs  show  on  the 
south,  and  delta  sands  by  the  Outarde  river  at  725  to  730  feet.  The 
shore  line  can  be  traced  along  the  road  leading  southwest;  and  on 
the  road  leading  northwest,  2 miles  southwest  from  Franklin 
Center,  strong  bars  cross  the  road  from  about  725  down  to  about 
660  feet.  At  Frontier  the  shore  passes  back  into  New  York,  where 
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good  bars  lie  at  700  to  730  feet.  These  features  are  indicated  on 
the  map,  between  which  the  shore  line  has  been  interpolated,  being 
mostly  in  forest  and  not  examined.  Future  study  will  discover 
many  good  features.  It  should  be  emphasized  that  this  shore  line 
lies  with  identity  of  character  and  altitude  on  both  flanks  of  the 
Covey  promontory,  in  both  the  Champlain  and  Ontario  basins. 

The  Franklin  Center-Covey  Hill  post  office  beaches.  This  strong 
shore  line,  215  feet  beneath  the  marine  summit,  was  formerly 
regarded  as  the  marine  summit  (81,  82).  It  carries  a splendid  set 
of  bars  at  all  points  about  the  Covey  salient  in  Canada.  Lying  low 
on  the  slopes  it  probably  represents  an  accumulation  of  coarse 
detritus  by  the  rinsing  down  of  200  feet  on  the  higher  slopes,  and 
perhaps  some  kame-moraine  at  this  level.  Around  the  north  side 
of  Covey  hill  the  wave  work  had  been  mainly  erosional  from  the 
summit  level  down  to  the  Franklin  Center  level.  At  this  lower 
plane  the  off-shore  depth  and  other  relations  were  such  that  the 
work  of  the  waves  became  chiefly  constructional.  The  exceptional 
development  of  summit  bars  in  the  Cannon  Corners  district  was  due, 
as  already  stated,  to  the  abundance  of  coarse  delta  stuff  from  the 
inferior  downdrainage  of  Iroquois. 

The  215  feet  interval  between  the  two  strong  shore  lines  so 
prominent  on  the  map  is  rather  misleading.  Intermediate  features 
exist,  and  the  scanty  representation  is  due  more  to  lack  of  observa- 
tion than  to  actual  absence  of  beach  phenomena.  Attention  has 
been  chiefly  directed  to  the  two  series  of  bars. 

The  unusual  development  of  the  Franklin  Center  bar  series 
might  be  regarded  as  the  record  of  an  episode  of  much  slower  land 
uplift.  But  as  the  shore  is  not  clearly  recognized  southward  beyond 
the  area  mapped  in  plate  5 or  southwestward  beyond  Lawrence- 
ville,  on  the  Moira  quadrangle,  it  must  be  explained  as  due  to 
exceptional  local  conditions.  The  possibility  is  recognized,  how- 
ever, that  in  the  progressive  wave  uplift  of  the  land  this  district 
might  have  risen  at  first  with  relative  rapidity,  for  the  215  feet, 
and  then  more  slowly. 

The  location  and  character  of  this  shore  is  sufficiently  shown  in 
the  map.  Below  the  upper  bars,  525  feet,  the  beach  phenomena 
are  abundant  at  all  declining  levels  where  conditions  were  favor- 
able. A fair  set  of  bars  lie  on  the  Chateaugay  sheet,  and  a 
remarkable  series  on  the  north  edge  of  the  Mooers  sheet.  The 
shore  also  appears  along  English  river,  and  west  of  West  Chazy; 
but  southward  on  the  Dannemora  sheet  its  place  is  occupied  only 
by  smooth  or  rolling  tracts  of  sandy  soils,  with  no  bars. 


Plate  22 


Glacial  stream  channel,  3 miles  southwest  of  Chateaugay.  Looking  east,  upstream.  Altitude  1120  feet. 
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Bar  Succession 


LOCALITY 

NUMBER 

HORIZON- 

TAL 

VERTICAL 
RANGE,  IN 

OF  BARS 

DISTANCE, 

FEET 

IN  MILES 

AVERAGE 
INTERVAL, 
IN  FEET 


GREATEST 
SINGLE 
INTERVAL 
IN  FEET 


Irish  School 

Armstrong’s  Bush 

North  of  Cannon  Corners.  . 
Cannon  Corners  School .... 

Shelters  Corners 

Beartown 

Peru 


Bars  of  the  marine  summit 


8 

6 

7 

6 

15 

13 

9 


£ 40  (730-690) 

£ 20  (730-710) 

£ 20  (725-705) 

£ 25  (730-705) 

h 120  (700-580) 

1 15  (684-569) 
\ 80  (590-510) 


5 10  (piiddle) 

4 

3 10  (at  top) 

5 10  (at  bottom) 
8 


9 

9 


Bars  of  the  Franklin  Center  series 


Franklin  Center 

18 

4 

1 12  (525-413) 

6 

Stockwell  P.  O 

13 

3 

135  (510-375) 

10 

12 

Covey  Hill  P.  0.  north 

16 

1 

210  (530-320) 

13 

23  (at  bottom) 

Covey  Hill  P.  O.,  east 

18 

1 

131  (523-392) 

7 

13  (at  top) 

South  of  boundary 

42 

I £ 

160  (525-365) 

4 

Basset  road 

12 

100  (500-400) 

8 

Bar  succession.  The  above  tabulation  clearly  proves  that 
the  production  of  embankments  or  bars  along  shore  lines  is  not 
wholly  a function  of  duration,  or  length  of  time  for  wave  work  at 
a fixed  level,  but  that  it  depends  on  a combination  of  physical  shore 
conditions.  Chief  of  these  factors  is  an  abundance  of  coarse 
material,  as  boulders  and  cobble,  which  the  waves  can  throw  beyond 
their  future  grasp.  This  is  proved  by  the  large  development  of 
bars  on  cobble  deltas  and  their  absence  at  the  same  level,  in  near 
localities,  on  sandy  tracts.  Other  evident  conditions  must  be  suffi- 
cient breadth  and  depth  of  water  for  efficient  waves  and  shore  cur- 
rents, and  favorable  shore  topography  for  piling  the  detritus. 

The  succession  of  bars  with  close  spacing  through  large  vertical 
range  can  not  be  produced  in  water  of  fixed  level,  in  relation  to  the 
land,  nor  in  rising  levels.  They  are  the  product  of  slow  and  steadily 
falling  levels.  Marginal  glacial  lakes  do  not  have  the  requisite 
conditions.  The  series  of  bars  shown  in  the  accompanying  maps, 
for  Lake  Iroquois  and  the  sea-level  waters,  can  be  constructed  only 
by  the  slow  uplift  of  the  land  out  of  the  waters. 

St  Lawrence  Valley 

Chateaugay  quadrangle.  The  striking  feature  of  this  map  (plate 
5)  is  the  Iroquois  shore  line  with  its  correlating  glacial  drainage 
channels  (plate  22).  This  is  well  marked  by  deltas  an  dweak  bars, 
but  fading  northeastward  on  the  Churubusco  and  Canadian  sheets 
toward  the  second  outlet  at  Covey  pass.  In  this  district  the  marine 
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shore  has  much  stronger  development  of  bars  than  the  Iroquois. 
The  heavy  representation  on  the  map  of  the  lower,  Franklin 
Center,  series  is  somewhat  misleading,  as  these  bars  are  only  gentle 
rolls  or  swells  on  the  plains  away  from  the  stream  deltas.  Near 
North  Burke,  however,  is  a kame-moraine  which  has  been  shaped 
into  bold  ridges.  Two  views  of  the  Chateaugay  delta  in  Lake 
Iroquois  are  given  in  plates  23  and  24. 

Malone  quadrangle.  The  shore  lines  and  deltas  are  well  shown 
on  the  map,  and  do  not  require  much  description.  The  lower 
marine  deltas  lie  in  position  to  represent  the  Franklin  Center  shore. 
Below  this  broad  sand  and  silt  plains  extend  down  the  Trout  and 
Salmon  rivers  to  Canada;  but  are  not  colored  on  the  map. 

The  head  of  the  Salmon  river  delta  in  Lake  Iroquois  is  repre- 
sented in  boulder  masses  some  7 miles  up  the  river  ravine  at 
Chasm  falls.  Remnants  of  the  delta  are  seen  south  of  Malone  in 
the  reservoir  and  other  gravel  hills,  but  the  vigorous  Post-Iroquois 
erosion  has  swept  away  most  of  the  Iroquois  delta  and  redeposited 
it  downstream  at  the  sea  level,  making  the  massive  sand  plain  north 
of  Malone. 

On  this  sheet  no  attempt  has  been  made  to  map  beaches  below 
the  marine  summit.  The  marine  shore  lies  across  the  southeast 
corner  of  the  Moira  quadrangle,  which  is  not  included  among  the 
maps  of  this  writing.  The  most  conspicuous  feature  on  the  Moira 
quadrangle  is  a strong  shore  south  of  Brushton  and  Moira  and 
passing  through  Lawrenceville,  in  the  approximate  position  of  the 
Franklin  Center  shore  line.  So  far  as  observed,  this  is  the  last 
clear  representation  of  that  lower  shore,  going  to  the  southwest. 

The  area  south  of  the  Moira  and  east  of  the  Potsdam  quad- 
rangles has  not  been  mapped,  but  the  shores  lie  across  the  north- 
west corner  of  this  unnamed  sheet  in  strong  shape.  The  Iroquois 
delta  on  the  Deer  river  is  at  Dickinson  Center;  and  on  the  east 
branch  St  Regis,  at  Nicholville.  Northwest  of  Dickinson  Center 
are  good  summit  bars  of  Iroquois,  and  one  and  one-half  miles 
southeast  of  Nicholville  are  strong  boulder  bars,  lying  obliquely 
across  the  road  with  moraine  surface  behind  them.  This  will 
give  a good  figure  for  the  Iroquois  shore  when  the  topographic 
survey  is  made.  The  marine  plane  is  shown  by  bars  and  delta  at 
Fort  Jackson,  on  the  St  Regis  river,  east  branch. 

Potsdam  quadrangle.  This  quadrangle  has  been  examined  with 
care,  and  with  the  assistance  of  Prof.  George  H.  Chadwick.  Two 
large  rivers  cross  the  area,  the  west  branch  of  the  St  Regis,  and 
the  Raquette,  and  they  have  left  heavy  deltas  at  the  Iroquois  and 


Plate  23 


Plate  24 


Looking  east  across  the  north-sloping  plain. 
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the  marine  levels.  The  map  (plate  7)  shows  the  standing  water 
features. 

A good  development  of  bars,  with  clear  relation  to  the  drift  sur- 
faces, gives  fairly  exact  altitudes.  One  occurrence  is  a mile 
northeast  of  Parishville,  where  three  elegant  bars  have  altitude, 
928,  905  and  885  feet.  At  Colton  and  the  Clafin  School  the  strong 
shore  features  have  not  been  measured. 

The  marine  shore  is  well  shown  by  weak  bars  and  points  of 
deltas  northeast  of  Southville,  at  600  to  615  feet,  and  west  of 
Hannawha  Falls  by  cliff  and  bar. 

The  Franklin  Center  stage  is  only  suggested;  but  detached 
beaches  are  found  at  many  levels  inferior  to  the  summit. 

The  delta  at  Allens  Falls,  on  the  St  Regis,  appears  to  have  been 
built  during  the  downdraining  of  Lake  Iroquois. 

Canton  quadrangle.  The  details  on  the  sheet  have  been  studied, 
mainly  by  Professor  Chadwick,  and  as  he  has  projected  a paper  on 
the  Pleistocene  geology,  the  map  is  not  included  here.  Now  it  will 
be  sufficient  to  say  that  the  Iroquois  shore  merely  touches  the  south- 
east corner  of  the  sheet;  that  the  marine  shore  crosses  south  of 
Crarys  Mills  and  Langdon  Corners,  with  construction  of  weak 
bars  on  the  northwest  face  of  Waterman  hill,  and  a heavy  delta  on 
the  Grass  river  at  Pyrites. 

Russell  quadrangle.  On  this  area  the  Iroquois  waters  reached 
far  up  the  Grass  River  valley,  among  the  Adirondack  hills.  The 
plains  at  Burns  Flat  and  northward,  on  the  east  side  of  the  quad- 
rangle, probably  represent  the  delta  of  the  Grass. 

Wave  erosion  of  Iroquois  is  well  shown  on  the  hills  about  West 
Pierrepont,  and  on  the  hill  at  Stone  School,  a mile  southwest.  Cliffs 
and  bars  appear  on  the  northwest  and  the  south  faces  of  Kimball 
hill,  north  of  Russell.  An  excellent  development  of  beaches  is 
found  on  the  Hatch  (Hamilton)  hill,  over  a mile  southwest  of 
Russell.  These  have  been  measured  with  sufficient  precision.  The 
summit  bar  of  Iroquois  is  here  850  feet,  and  bars  range  down  to 
815  feet.  The  vertical  range  of  35  feet  appears  to  represent  the 
amount  of  land  uplift  at  this  locality  during  the  life  of  Iroquois. 

The  Oswegatchie  river  crosses  the  southwest  corner  of  this 
quadrangle,  and  its  delta  is  about  South  Edwards  and  Pond  Settle- 
ment. The  theoretic  altitude  here  is  780  feet  for  the  closing  level, 
and  the  features  range  from  826  down  to  780  feet,  a vertical  range 
of  46  feet. 

The  marine  shore  lies  on  the  northwest  corner  of  the  area,  north 
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and  south  of  the  village  of  Hermon,  which  is  built  on  a terrace  of 
the  Elm  creek  delta.  The  summit  shore  line  passes  through  the 
east  edge  of  the  village,  with  altitude  520  to  525,  the  theoretic  figure. 
The  extended  plain  lying  for  miles  along  the  upper  valley  of  Elm 
creek,  from  Fairbanks  Corners  to  Scotland  School,  appears  to  be 
due  to  waters  held  in  by  rock  control  south  of  Marshville.  The 
marine  delta  of  the  Grass  river  is  at  Pyrites,  on  the  Canton  quad- 
rangle. 

Gouverneur  quadrangle.  The  Iroquois  level  appears  in  the  south- 
east part  of  the  area,  in  the  higher  sand  plains  about  Fullerville 
Ironworks,  at  about  780  feet.  These  plains  are  the  north  part  of 
the  delta  of  the  west  branch  of  the  Oswegatchie  river,  which 
extends  7 miles  south  to  Harrisville,  on  the  Lake  Bonaparte  quad- 
rangle. The  narrow  waters  entangled  among  the  hills  could  not 
be  expected  to  produce  distinct  shore  features. 

The  lower  plains  nortlr  of  Fullerville,  700  feet,  and  those  at 
Edwards,  660,  seem  to  have  been  due  to  pondings  of  the  Oswe- 
gatchie while  it  was  cutting  the  rock  gorges  at  Hyatt  and  Emery- 
ville. 

The  marine  shore  lies  diagonally  across  the  area  from  the  north- 
east to  the  southeast  corner,  with  altitudes  of  525  down  to  480 
feet.  The  Oswegatchie  delta  begins  at  Hailesboro,  2 miles  south- 
east of  Gouverneur,  and  the  lower  levels  are  the  extensive  plains 
at  and  above  Gouverneur.  The  delta  plains  are  fine  material,  as 
the  coarse  detritus  had  been  dropped  above  the  rock  barrier. 

The  Gouverneur  sheet  shows  strikingly  the  singular  topographic 
character  of  that  region,  a complex  of  smoothed  rock  knobs  and 
ridges,  with  intervening  smooth  silt  plains.  The  latter  are  the 
product  of  the  sea-level  waters  which  rinsed  the  drift  off  of  the 
knolls  and  hills  and  spread  it  out  evenly  in  the  hollows.  The  clean- 
cut  horizontal  line  of  contact  between  the  silt  plains  and  the  steep 
rock  slopes  is  characteristic  of  the  submarine  silt  plains  in  New 
York  and  Vermont.  The  traveler  on  the  Rome,  Watertown  and 
Ogdensburg  branch  of  the  New  York  Central  Railroad  may  see 
this  feature  all  the  way  from  Canton  south  to  Keenes.  Southward 
through  Antwerp  the  road  lies  above  the  marine  plane. 

Five  miles  northeast  of  Gouverneur  and  2 miles  south  of  Rich- 
ville,  by  the  Cole  School,  is  a good  display  of  summit  marine  cobble 
bars  on  some  drift  knolls.  The  bars  are  from  516  feet  down. 
Evidences  of  wave  work  on  the  slopes  is  common  in  this  district. 

Lake  Bonaparte  quadrangle.  The  Iroquois  waters  passed  up  the 
Oswegatchie  valley  as  a deep  embayment  to  Harrisville,  where  the 
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delta  seems  to  head.  The  waters  lay  here  and  among  the  detached 
hills  at  an  altitude  of  745  feet  for  the  closing  phase,  but  the  plains 
recording  the  earlier  and  uplifted  levels  are  about  770  feet.  No 
study  has  been  made  of  this  area. 

The  marine  waters  did  not  reach  this  quadrangle. 

Antzverp  quadrangle.  On  the  southern  part  of  this  area  lies  the 
greater  mass  of  the  huge  delta  of  the  Black  river  built  in  Lake 
Iroquois.  The  head  of  the  delta  lies  south,  up  stream,  on  the 
Carthage  quadrangle.  The  theoretic  altitude  for  closing  Iroquois 
in  the  district  of  the  Great  Bend  is  700  feet,  and  the  broader  plains 
are  contoured  at  700.  The  higher  plains,  about  Carthage  are  up 
to  740  feet.  The  history  of  the  waters  in  this  region  is  told  in 
publications  162  and  163. 

The  marine  waters  did  not  reach  this  area;  but  had  irregular 
extension  among  the  hills  northward,  on  the  Hammond  quadrangle. 

The  accompanying  map,  plate  4,  gives  the  approximate  location 
of  the  shore  lines  on  the  quadrangles  which  are  not  reproduced  for 
this  writing. 

Ontario  Basin 

Lake  Iroquois.  West  of  the  St  Lawrence  area,  above  described, 
the  beaches  of  Lake  Iroquois  and  of  the  sea-level  waters  have 
been  described  and  mapped  in  former  publications.  The  beaches 
of  Iroquois  were  the  first  of  the  ancient  shore  lines  to  be  dis- 
tinctly recognized  as  such,  and  are  too  well  known  in  the  Ontario 
basin  to  require  extended  notice  here.  The  more  important  papers 
have  been  listed  in  the  bibliography.  The  more  recent  maps  are 
in  the  following  papers : 

In  154  of  the  appended  list,  plate  19  is  a map  of  the  lake  south 
and  west'  from  Watertown;  with  description  of  the  strong  shore 
from  Watertown  to  Richland,  pages  104-12,  and  tabulated  details 
in  plates  9 and  10. 

In  152,  a good  map  by  Coleman,  with  description  of  the  Canadian 
shore. 

In  163,  a part  of  the  Black  river  delta  is  shown  in  plate  44,  and 
described  in  pages  136-72. 

In  164,  plate  17  shows  the  early  stage  when  the  lake  had  reached 
its  full  westward  extent,  as  a narrow  stretch  of  water  along  the 
south  front  of  the  Ontario  glacier  lobe.  Plate  4 in  this  paper  is  a 
detailed  map  of  the  shore  line  in  the  Watertown  region,  from 
Carthage  to  Adams,  with  the  channels  of  tributary  glacial  drainage. 

Accompanying  this  paper,  plate  1 shows  Lake  Iroquois  at  its 
greatest  expansion,  just  previous  to  its  extinction;  plate  4 shows 
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the  approximate  location  of  the  shore  north  of  Richland;  and  plates 
5,  6 and  7 depict  the  northern  shore  in  New  York  in  detail.  For 
future  mapping  there  remains  only  three  unpublished  .sheets,  in 
part;  and  the  short  stretch  from  Rome  to  Richland. 

A very  brief  outline  of  Lake  Iroquois  history  may  appropriately 
close  the  description.  The  lake  originated  at  the  margin  of  the 
waning  Ontarian  lobe  of  the  latest  ice  sheet  when  the  ice  uncovered 
the  southeast  part  of  the  Ontario  basin,  the  low  ground  at  Rome 
and  Oneida  lake.  An  early  stage,  when  it  reached  westward  only 
to  about  Lyons,  is  mapped  in  plate  41,  paper  160.  As  the  ice  lobe 
gave  way  the  lake  extended  itself  westward  until  it  was  a narrow 
belt  of  water,  laving  the  south  front  of  the  glacier,  the  whole  east 
and  west  extent  of  the  Ontario  basin,  as  mapped  in  plate  42,  of 
160;  and  plate  17,  of  164. 

As  the  Ontarian  ice  lobe  diminished  the  lake  increased,  and 
inserted  a tongue  of  its  water  northeastward,  between  the  ice 
margin  and  the  foothills  of  the  Adirondacks.  The  greatest  extent 
and  area  of  the  lake  was  attained  while  the  lake  had  its  second 
outlet  at  Covey  pass,  above  described  and  mapped  in  plate  1. 

The  lake  came  to  its  extinction  when  the  ice  barrier  on  the  north 
slope  of  Covey  hill  weakened,  and  melted  back  to  a height  beneath 
1030  feet,  or  the  height  of  the  Covey  river.  Then  the  waters  were 
permitted  to  drain  down  to  sea  level,  and  to  become  part  of  the 
Hudson-Champlain  estuary,  shown  in  plate  2. 

Gilbert  gulf.  That  the  low  altitude  of  the  northern  land  at  the 
time  of  disappearance  of  the  latest  ice  sheet  must  have  allowed 
oceanic  waters  to  occupy  the  St  Lawrence  and  Ontario  valleys  has 
been  recognized  many  years.  As  long  ago  as  1898  F.  B.  Taylor 
mapped  the  Champlain  sea  as  extending  into  the  Ontario  valley 
(136,  page  73). 

Dr  G.  K.  Gilbert  was  the  first  geologist  to  recognize  the  beaches 
produced  by  this  extension  of  sea-level  waters  (n,  page  59),  and 
called  them  the  Oswego  shore  line,  although  they  do  not  quite 
reach  to  Oswego. 

In  1905  the  writer  briefly  described  the  beaches  in  the  southerly 
stretch  between  Oswego  and  Clayton,  and  added  sketch  maps  of 
most  of  the  distance  (157,  pages  712-18;  figures  1-3);  and  took 
the  liberty  of  naming  these  marine-level  waters  after  Doctor  Gil- 
bert, in  admiring  recognition  of  his  leadership  in  the  study  of  the 
New  York  Pleistocene. 

In  1910  the  writer  extended  the  mapping  of  the  Gilbert  gulf 


Plate  25 


Cobble  bar  on  the  shore  of  Lake  Iroquois.  One-fourth  mile  north  of  Farr’s 
and  3 miles  east  of  Watertown.  Upper  view  looking  northeast;  lower 
view  looking  southwest. 
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shore  as  far  northward  as  Alexandria  Bay  and  Redwood,  in  a 
partial  way,  as  the  beaches  are  detached  and  mostly  weak  (163, 
plates  44-47;  pages  136-72).  The  most  important  series  of  bars 
is  on  a moraine  tract  2 miles  north  of  Lafargeville,  with  summit 
altitude  about  440  feet.  In  this  district  of  horizontal  rocks,  low 
relief  and  clay  plains;  or  farther  north,  with  glaciated  granitic 
knobs  and  silted  hollows,  the  waves  found  little  material  and  poor 
conditions  for  leaving  their  inscriptions. 

SUMMARY 

It  seems  possible  that  the  Pleistocene  history  of  New  York 
State  includes  more  than  one  ice  invasion,  or  glacial  epoch ; but 
this  writing  deals  with  only  the  records  of  the  latest  ice  sheet,  and 
specifically  with  the  waters  that  occupied  the  low  valleys  as  the 
ice  body  melted. 

When  the  Labradorian  ice  cap  was  disappearing,  the  land  which 
had  been  beneath  the  ice  sheet  was  much  lower  than  at  present. 
The  amount  of  the  depression  seems  to  bear  quite  direct  proportion 
to  the  thickness  and  weight  of  the  ice  burden.  The  measure  of 
that  depression  is  found  in  the  * Hudson-Champlain  valley,  and 
about  New  York  City  ^nd  over  Long  Island,  in  the  shore  phenomena 
left  by  the  sea-level  waters  that  took  possession  as  the  ice  vacated. 
The  amount  of  the  land  uplift  is  shown  in  the  maps,  and  for  the 
Hudson-Champlain  valley  in  the  diagram,  plate  10. 

In  the  St  Lawrence-Ontario  valley  the  amount  of  postglacial 
rise  of  the  land  is  found  by  the  amount  of  deformation,  or  north- 
ward up-tilting  of  glacial  lake  shore  lines,  which  must  have  origi- 
nally been  horizontal.  The  shore  line  of  Lake  Iroquois  has  been 
deformed  668  feet,  and  bodily  lifted  72  feet  more,  which  gives  a 
total  rise  at  Covey  hill  of  740  feet,  the  same  as  the  altitude  of  the 
marine  beaches  at  that  point.  The  diagram  (plate  11)  shows  the 
tilt  of  the  St  Lawrence  beaches. 

The  records  of  the  sea-level  waters  in  the  Hudson-Champlain 
valley  cover  all  of  the  long  time  involved  in  the  waning  and  dis- 
appearance of  the  ice  sheet,  from  the  moment  of  its  greatest  extent 
to  the  time  when  it  passed  entirely  off  the  State.  But  the  glacial 
records  in  the  St  Lawrence  valley  cover  only  the  latter  part  of 
glacial  time.  For  this  writing  the  history  of  the  St  Lawrence 
valley  is  only  that  of  Iroquois  and  Post-Iroquois  time. 

The  history,  in  brief,  is  as  follows.  The  sea-level  waters  con- 
tinuously laved  the  receding  front  of  the  glacier  as  it  retreated  up 
the  Hudson  and  Champlain  depression.  Large  glacial  boulders  in 
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the  clays  are  proof  of  this.  When  the  margin  of  the  ice  sheet 
receded,  on  the  high  ground  north  of  the  Adirondacks,  to  the  inter- 
national boundary,  it  uncovered  a low  notch,  the  Covey  pass,  which 
permitted  the  outflow  of  the  glacial  waters  of  the  Ontario-St 
Lawrence  basin,  Lake  Iroquois;  and  from  this  time  the  St  Law- 
rence waters  were  tributary  to  the  Champlain  valley,  instead  of, 
as  formerly,  to  the  Mohawk-Hudson.  At  that  time  the  Covey  out- 
let was  740  feet  lower  than  today,  and  only  290  feet  above  the  sea. 

With  further  recession  of  the  ice  barrier  on  the  north  slope  of 
Covey  hill,  Lake  Iroquois  was  drained  down  to  sea  level.  The 
Hudson-Champlain  estuary  then  passed  westward  around  the 
Covey  salient  and  occupied  the  St  Lawrence  basin.  The  altitude 
relations  of  Lake  Iroquois  and  the  sea-level  waters  are  tabulated* 
in  plate  12. 

The  postglacial  rise  of  the  land  was  by  a wave  uplift,  progress- 
ive from  south  to  north,  following  the  removal  of  the  ice  burden. 
The  rise  was  laggard  or  dilatory,  and  it  appears  that  no  appreciable 
rise  occurred  at  any  point  in  the  Hudson  valley  while  the  ice  lay 
on  that  point.  But  it  seems  more  than  possible  that  the  uplift  wave 
overtook  the  receding  ice  front  in  the  Champlain  valley;  and  that 
a relatively  small  rise  took  place  at  Covey  hill  while  the  ice  held 
Lake  Iroquois  to  the  Covey  outlet.  This  would  account  for  some 
shore  features  in  the  districts  of  Crown  Point,  Port  Henry  and 
Peru  somewhat  above  the  profile  shown  in  plate  10.  In  such  case 
the  bars  at  Covey  hill,  740  feet,  do  not  give  the  full  amount  of 
glacial  depression  and  postglacial  uplift.  The  maps  and  profiles 
do  show  the  positive  minimum  of  recent  diastrophism. 

It  is  recognized  that  there  may  be  complications  in  the  Pleistocene 
history,  and  that  the  present  altitude  of  the  upraised  water  plane 
is  only  the  final  or  average  result  of  any  up  and  down  land  move- 
ments, and  any  variations  of  the  sea  level;  the  arithmetical  sum  of 
all  the  plus  and  minus  elements.  But  it  appears  that  such  com- 
plicating factors  would  probably  increase  the  record  of  land  depres- 
sion and  subsequent  rise,  instead  of  reducing  it.  To  the  degree 
that  the  ocean  level  was  lowered  by  removal  of  water  to  build  the 
ice  caps,  the  ancient  water  plane  was  so  much  beneath  present 
ocean  level.  The  present  height  of  the  summit  plane  above  the  sea 
must  be  only  the  excess  of  land  uplift  over  any  rise  of  the  ocean 
surface. 

The  gravitational  pull  on  the  sea  level  by  the  ice  body  at  the 
attenuated  margin  of  the  valley  lobe  is  thought  to  have  been  a 
negligible  factor  in  the  New  York  district;  and  probably  so  at  all 
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other  localities  when  the  receding  and  relatively  thin  ice  margin 
was  passing  off. 

The  evidences  of  marine  submergence  of  Long  Island  and  the 
Hudson-Champlain  valley  are  briefly  stated.  The  lack  of  marine 
fossils  in  the  Hudson  valley,  and  of  wave-built  embankments  on 
the  sand  plains,  are  explained.  A running  description  is  given  of 
the  summit  shore  phenomena  from  New  York  City  northward;  at 
and  around  Covey  hill,  and  through  the  St  Lawrence  valley. 

The  summit  shore  features  on  the  Vermont  side  of  the  great 
estuary  has  been  recently  published  (92). 

BIBLIOGRAPHY 
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By  HAROLD  L.  ALLING 

INTRODUCTION 

The  Lake  Placid  quadrangle1  comprises  a territory  of  approxi- 
mately 214  square  miles  in  the  northeastern  portion  of  the  Adiron- 
dack mountains.  It  is  bounded  by  latitude  lines  440  15'  and  440 
30',  and  by  longitude  lines  73 0 45'  and  740.  More  than  two-thirds 
of  the  area  of  the  quadrangle  lies  in  Essex  county,  while  the 
remaining  (northern)  portion  lies  in  Franklin  and  Clinton  counties. 
Lake  Placid,  Newman,  Keene,  Upper  Jay,  and  Wilmington  are  the 
principal  villages.  Haselton  has  but  a few  houses,  and  Franklin 
Falls,  once  a village  of  30  or  40  houses,  now  has  but  two  resi- 
dences and  an  electric  power  plant.  Only  one  railroad  enters  the 
map  limits,  this  being  the  Adirondack  branch  of  the  Delaware  and 
Hudson,. which  reaches  1 mile  into  the  quadrangle  to  Newman  near 
Lake  Placid.  A new  state  road  crosses  the  quadrangle  from  west 
of  Newman,  through  the  Wilmington  notch,  the  village  of  Wil- 
mington, and  thence  eastward.  Another  state  road  passes  through 
Keene  and  Upper  Jay. 

Lake  Placid  and  immediate  vicinity  is  one  of  the  greatest  of  all 
Adirondack  summer  resorts.  There  are  several  large  hotels  and 
many  smaller  hotels  and  boarding  houses  which  accommodate 


1 See  map  in  pocket  of  back  cover  of  this  bulletin. 
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thousands  of  people  during  the  summer  season.  Of  late  years 
Lake  Placid  has  enjoyed  considerable  popularity  as  a winter  resort. 
Thirty-five  or  forty  years  ago  there  was  great  activity  at  East, 
Middle  and  West  Kilns  where  charcoal  was  made  for  use  in  iron 
furnaces  at  Black  Brook  a few  miles  to  the  east. 

In  1842  Prof.  E.  Emmons  published  his  Survey  of  the  Second 
Geological  District,  including  Essex  county.  This  report,  how- 
ever, contains  almost  nothing  on  the  geology  of  the  Lake  Placid 
region. 

To  Prof.  J.  F.  Kemp  belongs  the  ' credit  of  first  having  done 
extensive  field  work  which  has  resulted  in  solving  many  important 
problems  in  the  geology  of  Essex  county.  He  published  reports, 
based  upon  reconnaissance  field  work,  on  the  geology  of  the  county 
in  1893  and  1895.  These  reports  contain  important  data  pertaining 
to  the  geology  of  that  portion  of  the  Lake  Placid  quadrangle  which 
lies  in  Essex  county.  Based  upon  this  reconnaissance  work,  Pro- 
fessor Kemp  also  published  a report,  accompanied  by  a geologic 
map,  on  the  vicinity  of  Lake  Placid.  At  one  time  it  was  planned 
that  Professor  Kemp  and  the  writer  should  prepare  a joint  report 
and  map  based  upon  a detailed  study  of  the  Lake  Placid  quad- 
rangle. Soon  after  entering  the  field  in  1915,  however,  Professor 
Kemp  was  obliged,  on  account  of  health,  to  abandon  the  work.  He 
generously  allowed  the  use  of  certain  data  on  his  field  map.  The 
writer  gratefully  acknowledges  his  indebtedness  to  Professor  Kemp. 

Prof.  H.  P.  Cushing,  in  his  Preliminary  Report  on  the  Geology 
of  Franklin  County,  makes  a number  of  references  to  the  rock 
formations  in  the  vicinity  of  Franklin  Falls,  in  the  northwestern 
part  of  the  quadrangle.  Professor  Cushing  also  briefly  refers  to 
some  of  the  formations  in  that  part  of  the  quadrangle  which  lies 
in  Clinton  county  in  his  Report  on  the  Geology  of  Clinton  County. 

Mr  H.  L.  Ailing,  who  contributes  the  chapter  on  the  Pleistocene 
of  the  quadrangle  in  this  bulletin,  has  kindly  furnished  data,  more 
especially  the  location  of  several  diabase  dikes  and  Grenville  lime- 
stone outcrops,  and  the  use  of  some  thin  sections  of  rocks. 

Mr  Herbert  Insley,  a former  student  in  the  writer’s  classes, 
assisted  in  the  survey  around  Keene  and  on  the  rough  Sentinel 
range.  For  this  service  the  writer  is  sincerely  grateful. 

Prof.  D.  W.  Johnson  has  kindly  permitted  the  use  of  two  photo- 
graphs. 

Following  are  the  principal  publications  which  bear  more  or  less 
upon  the  geology  of  the  quadrangle: 
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1842  E.  Emmons.  Survey  of  the  Second  Geological  District  (Adiron- 
dack mountains),  pt  2 of  The  Geology  of  New  York. 

1895  J.  F.  Kemp.  Preliminary  Report  on  the  Geology  of  Essex  County. 
13th  Annual  Rep’t  N.  P.  State  Geologist,  p.  4 31-72. 

1895  J.  F.  Kemp.  Preliminary  Report  on  the  Geology  of  Essex  County. 
15th  Annual  Rep’t  N.  Y.  State  Geologist,  p.  575-614. 

1895  H.  P.  Cushing.  Report  on  the  Geology  of  Clinton  County.  15th 
Annual  Rep’t  N.  P.  State  Geologist,  p.  499-573,  especially  p.  543-44. 

1898  J.  F.  Kemp.  Geology  of  the  Lake  Placid  Region.  N.  Y.  State 
Mus.  Bui.  21.  p.  51-64. 

1899  H.  P.  Cushing.  Preliminary  Report  on  the  Geology  of  Franklin 
County.  18th  Annual  Rep’t  N.  Y.  State  Geologist,  p.  73-128. 

1900  J.  F.  Kemp.  Precambrian  Sediments  in  the  Adirondacks.  Science, 
12  :8i-98. 

1905  H.  P.  Cushing.  Geology  of  the  Northern  Adirondack  Region. 
N.  P.  State  Mus.  Bui.  95,  p.  271-453. 

1914  W.  J.  Miller.  The  Geological  History  of  New  York  State.  N.  Y. 
State  Mus.  Bui.  168,  130  pages,  especially  chapter  3. 

1916  W.  J.  Miller.  Origin  of  Foliation  in  the  Precambrian  Rocks  of 
Northern  New  York.  Jour.  Geol.,  24:587-619. 

1917  W.  J.  Miller.  The  Adirondack  Mountains.  N.  Y.  State  Mus. 
Bui.  193,  97  pages.  A somewhat  untechnical  guide  to  the  geology  and 
physiography  of  the  Adirondack  mountain  region. 

1917  N.  L.  Bowen.  The  Problem  of  the  Anorthosites.  Jour.  Geol., 
25 :209-43. 

1918  W.  J.  Miller.  Adirondack  Anorthosite.  Geol.  Soc.  Amer.  Bui. 

27 : 399-462. 
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GENERAL  GEOGRAPHY  AND  GEOLOGY 

The  Lake  Placid  quadrangle  lies  immediately  north  of  the  great 
group  of  highest  mountains  in  the  Adirondack  region.  Altitudes 
range  from  660  feet  where  the  East  Branch  Ausable  river  leaves 
the  quadrangle  on  the  east,  to  4872  feet  at  the  summit  of  Mt  White- 
face  near  the  center  of  the  quadrangle.  Mt  Whiteface  rises  majes- 
tically as  a great  mass  culminating  in  a sharp  peak  from  2500  to 
3800  feet  above  the  immediately  surrounding  country.  Around  the 
nearly  circular  base  of  the  mountain  the  distance  is  approximately 
16  miles.  Eight  or  ten  sharp,  rugged  spurs  with  deep  intervening 
valleys  radiate  from  near  the  summit.  The  great  bowllike  depres- 
sion just  east  of  the  summit  of  Whiteface  was  formerly  occupied 
by  a local  glacier,  and  its  remarkable  shape  is  due  to  the  action  of 
the  glacier  in  plucking  out  the  rock.  The  valley  between  Esther 
mountain  and  Marble  mountain  was  also  formerly  occupied  by  a 
local  glacier. 

Sentinel  range,  some  8 miles  long,  has  several  peaks  rising  from 
3600  to  3902  feet  above  the  level  of  the  sea.  This,  too,  is  a very 
rugged,  steep  mountain  mass.  Just  north  of  Sentinel  peak  is 
another  fine  example  of  a bowllike  depression  cut  out  by  a local 
valley  glacier.  A local  glacier  also  lay  in  the  valley  next  to  the 
north. 

Pitch-off  mountain,  with  altitude  3340  feet  at  the  southern  edge 
of  the  map  area,  is  the  northern  slope  of  the  still  higher  mountain 
within  the  Mount  Marcy  quadrangle. 

St  Armand  mountain  is  an  irregular  mass  with  several  points 
from  3100  to  3250  feet  above  sea  level.  It  lies  just  northeast  of 
Moose  mountain,  whose  altitude  is  3921  feet  in  the  Saranac  quad- 
rangle. 

Wilmington  mountain  is  a relatively  narrow  ridge  7 miles  long 
with  a number  of  points  2800  to  3450  feet  above  sea  level.  It  is 
a very  rugged,  densely  wooded  mountain  rising  1500  feet  above  the 
narrow  valley  on  the  west  and  more  than  2000  feet  above  the  broad 
valley  on  the  east. 

Catamount  mountain  ridge,  in  the  north-central  portion  of  the 
map  area,  is  about  3 miles  long  and  relatively  broad  with  its 
summit  (Catamount)  3168  feet  above  the  sea.  Its  western  end 
rises  abruptly  1500  feet  and,  viewed  from  the  broad  valley  on  the 
west,  it  is  a very  impressive  sight  (see  plate  19). 

On  a large  scale,  Mt  Whiteface  and  Wilmington  mountain  taken 
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together,  and,  on  a small  scale,  Catamount  mountain,  show  a north- 
east-southwest trend  which  is  common  in  the  eastern  half  of  the 
Adirondack  region.  The  other  mountains  of  the  quadrangle  are, 
however,  very  irregularly  distributed. 

There  are  three  large,  broad  valleys.  One  of  these  with  the  vil- 
lages of  Wilmington,  Haselton,  and  East  Kilns  in  the  northeastern 
part  of  the  quadrangle,  is  approximately  io  miles  long  and  from  2 
to  4 miles  wide,  with  altitudes  from  660  to  1400  feet.  This  valley 
was  once  occupied  by  an  extensive  glacial  lake  (see  chapter  on  the 
Pleistocene  geology).  A prominent  valley,  7 miles  long  and  3 to  5 
miles  wide,  lies  in  the  northeastern  part  of  the  map  area.  Its  alti- 
tudes vary  from  1400  to  1700  feet,  and  most  of  it  is  the  site  of  a 
former  glacial  lake.  The  third  large  valley  lies  in  the  southeast. 
It  is  7 miles  long  and  from  iy2  to  3^2  miles  wide.  Altitudes  range 
from  1640  to  1900  feet.  A former  glacial  lake  also  covered  this 
area.  Lake  Placid  now  occupies  the  northern  end  of  this  valley. 

Three  large  streams  flow  across  the  quadrangle,  namely,  Saranac 
river  for  about  8 miles  across  the  northwestern  corner,  East  Branch 
Ausable  river  for  9 miles  across  the  southeastern  portion,  and 
West  Branch  Ausable  river  for  about  20  miles  from  southwest  to 
northeast  almost  across  the  middle  of  the  map  area.  All  the  drain- 
age of  the  quadrangle  passes  into  these  three  rivers  and  north- 
eastward into  Lake  Champlain.  The  West  Branch  Ausable  river 
drains  Lake  Placid  and,  after  pursuing  a winding  course  for  some 
miles  through  a broad  valley  in  the  vicinity  of  Newman,  passes 
through  a deep,  narrow  pass  known  as  Wilmington  notch,  the  rocky 
sides  of  which  rise  precipitously  to  a maximum  height  of  700  feet 
above  the  river  on  the  east  side,  and  1700  feet  on  the  west  side  (see 
plates  4 and  20).  The  explanation  of  this  remarkable  course  may 
be  found  on  a subsequent  page.  A mile  beyond  the  Wilmington 
notch,  the  river  descends  more  than  100  feet  by  waterfall  (High 
fall,  see  plate  5)  and  cascades  in  a small  gorge  (see  plates  13  and 
14)  cut  in  granite.  Two  miles  beyond  the  High  fall  gorge  the 
river  flows  through  a narrow  gorge  known  as  The  Plume  (see 
plate  8),  and  then  enters  the  broad  valley  in  which  are  located  the 
villages  of  Wilmington  and  Haselton. 

There  are  twenty-four  lakes  and  ponds  within  the  quadrangle  in 
addition  to  portions  of  two  large  reservoirs  along  the  Saranac 
river.1  Lake  Placid,  over  4 miles  long  and  from  1 to  miles 


1 These  reservoirs  are  not  shown  on  the  accompanying  geologic  map, 
but  they  occupy  the  swamp  areas  above  and  below  Franklin  Falls. 
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Photo  by  I.  L.  Stedman,  Lake  Placid, 

Looking  south  across  Lake  Placid,  from  the  summit  of  Eagle  Eyrie. 
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wide,  lies  1859  feet  above  sea  level.1  By  many  it  is  regarded  as 
the  gem  of  Adirondack  lakes.  Mt  Whiteface  rises  majestically 
more  than  3000  feet  above  the  surface  of  the  lake  on  the  north- 
east, and  Moose  mountain  rises  over  2000  feet  above  the  lake  on 
the  west.  The  lake  contains  two  large,  high  rugged  islands  and 
one  small  one. 

Morgan  pond  on  Wilmington  mountain  has  a remarkable  situa- 
tion at  an  altitude  of  3020  feet. 

The  Lake  Placid  quadrangle  contains  a wonderful  variety  of 
rock  formations,  including  most  of  the  familiar  Adirondack  types 
as  well  as  several  others  described  in  this  bulletin  for  the  first  time. 
Excepting  the  Pleistocene  deposits,  all  the  rocks  are  of  Precam- 
brian  age. 

Oldest  of  all  is  the  Grenville  series  which  takes  rank  among  the 
very  oldest  rock  formations  of  the  earth.  It  consists  of  gneisses, 
quartzites,  and  crystalline  limestones.  These  are  sedimentary  rocks 
which  have  been  thoroughly  crystallized.  There  are  no  large  areas, 
but  many  small  masses  are  scattered  throughout  the  quadrangle. 

Next  in  age,  definitely  proved,  is  the  Marcy  type  of  anorthosite 
with  its  extensively  developed  facies  known  as  the  Whiteface 
anorthosite.  These  rocks,  which  are  igneous  in  origin,  are  intru- 
sive into,  and  therefore  younger  than,  the  Grenville  rocks.  Anor- 
thosite is  the  most  abundant  rock  of  the  quadrangle. 

The  syenite-granite  series,  with  its  several  variations,  is  intrusive 
into  both  the  Grenville  and  the  anorthosite.  It  ranks  next  to  the 
anorthosite  in  areal  extent. 

Of  particular  interest  is  a peculiar  rock,  called  the  Keene  gneiss, 
occurring  as  a border  zone  between  the  anorthosite  and  the  syenite- 
granite.  There  is  strong  evidence  that  this  rock  has  resulted  from 
the  assimilation  of  anorthosite  by  the  molten  syenite  or  granite. 

At  several  places  in  the  northern  portion  of  the  quadrangle  there 
are  series  of  parallel,  gneissoid,  basic,  usually  badly  weathered 
dikes  cutting  the  granite.  They  are  different  from  any  rocks 
hitherto  observed  by  the  writer  in  the  Adirondacks.  It  is  probable 
that  they  are  older  than  the  gabbro  below  mentioned. 

A number  of  gabbro  bodies  of  the  usual  Adirondack  kind  occur 
within  the  quadrangle.  These  are  seen  to  cut  both  the  Grenville 
and  the  syenite-granite  series. 


1 The  altitude  number  1864  printed  on  the  accompanying  map  was 
determined  by  an  older  survey. 
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Pegmatite  dikes  of  wholly  nonmetamorphosed  material  are 
occasionally  present  throughout  the  quadrangle. 

Diabase,  in  the  form  of  numerous  nonmetamorphosed  dikes,  is 
the  latest  of  the  Precambrian  rocks. 

Paleozoic  and  Mesozoic  rocks  are  entirely  absent,  but  glacial 
deposits  are  widespread  and  varied,  especially  in  the  valleys. 

Faulting  appears  to  have  played  a much  less  important  part  than 
usual  in  the  eastern  Adirondacks,  only  a few  fault  zones  having 
been  observed,  the  principal  one  passing  through  the  Wilmington 
notch. 

THE  PRECAMBRIAN  ROCKS 

Grenville  Series 

General  statements.  Among  all  the  rocks  of  the  quadrangle, 
those  which  comprise  the  Grenville1  series  are  the  most  ancient. 
They  rank  among  the  very  oldest  known  rocks  of  the  earth’s  crust. 
It  is  certain  that  by  far  most  of  the  Grenville  rocks  are  of  sedi- 
mentary origin,  though  all  are  now  metamorphosed  and  thoroughly 
crystalline.  In  most  cases  the  stratification  surfaces  are  still  plainly 
visible  and  these  often  separate  rock  layers  of  sharply  varying  com- 
position. Various  bedded  gneisses,  schists,  quartzites  and  crystal- 
line limestones  almost,  if  not  entirely,  constitute  the  Grenville 
series,  the  original  rocks  having  been  shales,  sandstones  and  lime- 
stones of  the  usual  kinds.  The  presence  of  numerous  flakes  of 
graphite  (so-called  “black  lead”)  scattered  through  many  of  the 
Grenville  rocks  also  strongly  indicates  their  sedimentary  origin. 

Grenville  strata  are  common  throughout  the  Adirondack  moun- 
tain region  and  also  in  eastern  Ontario.  Their  thickness  is  known 
to  be  very  great  — - a few  miles  at  the  very  least  — with  neither  top 
nor  bottom  of  the  series  definitely  known.  Since  the  Grenville 
strata  throughout  the  Adirondacks  have  been  all  cut  to  pieces  by 
vast  intrusions  of  igneous  rocks,  their  present  distribution  is  very 
patchy,  and  the  irregular  scattering  areas  now  visible  are  merely 
remnants  of  what  was  once  a continuous  body  of  strata  covering 
not  only  all  of  northern  New  York,  but  also  large  adjacent  areas, 
particularly  eastern  Ontario. 

Within  the  Lake  Placid  quadrangle  the  Grenville  strata  are  less 
abundant  than  usual  throughout  the  Adirondacks.  As  shown  on 
the  accompanying  geologic  map,  definitely  known  areas  of  Gren- 

1 This  name  has  been  given  from  the  town  of  Grenville  in  the  St  Law- 
rence valley. 


Plate  4 


W.  J.  Miller,  photo,  1916 

Sunrise  mountain  with  its  precipitous  eastern  face  rising  1700  feet 
above  the  river  at  the  lower  end  of  Wilmington  notch.  Viewed  from  the 
top  of  the  gorge  on  the  east  side  of  the  river.  The  rock  is  syenite. 
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ville,  not  one  of  them  more  than  a few  square  miles  in  extent,  are 
rather  widely  scattered  over  the  quadrangle,  but  they  make  up  only 
a small  percentage  of  its  area.  They  are  mere  fragments  of  the 
formerly  continuous  Grenville  series  which  has  been  cut  to  pieces 
by  vast  intrusions  of  plutonic  igneous  rocks,  especially  the  anortho- 
site and  the  syenite-granite  series. 

The  actual  extent  of  Grenville  strata  is  somewhat  greater  than 
indicated  directly  as  such  on  the  geologic  map.  Thus,  in  the 
vicinity  of  Newman,  the  bedrock,  probably  mostly  Grenville,  is 
largely  concealed  under  glacial  deposits.  Similar  conditions  prob- 
ably also  obtain  in  the  areas  of  unknown  bedrock  west  of  the  river 
between  Keene  and  Upper  Jay,  and  between  Franklin  Falls  and 
West  Kilns.  Again,  the  areas  of  Grenville-anorthosite  mixed 
gneisses,  and  of  syenite  or  granite  and  Grenville  mixed  gneisses, 
contain  much  Grenville.  Finally,  there  are  occasional  small 
unmappable  masses  of  Grenville  which  occur  as  inclusions  in  the 
great  intrusives.  But,  after  making  every  reasonable  allowance, 
it  is  believed  that  Grenville  rocks  do  not  actually  occupy  more  than 
8 or  10  per  cent  of  the  area  of  the  quadrangle. 

Compared  with  the  Adirondacks  in  general,  the  Grenville  rocks 
of  the  Lake  Placid  quadrangle  are  mostly  of  quite  the  usual  sorts, 
namely,  graphitic  crystalline  limestones,  pyroxene  gneisses,  horn- 
blende gneisses  and  quartzites. 

Areas  in  the  vicinity  of  Lake  Placid.  In  the  extreme  south- 
western corner  of  the  quadrangle  an  area  of  about  1 square  mile 
shows  some  good  outcrops  of  Grenville.  Dark  hornblende-feldspar 
gneiss,  hornblende-feldspar-garnet  gneiss,  together  with  some  light- 
gray  garnetiferous  feldspar  gneisses  and  a little  quartzite,  make  up 
the  main  bulk  of  the  rock.  At  one  locality  (near  the  diabase  dike) 
the  dark  gneiss  contains  large  red  garnets  with  hornblende  rims. 

The  area  which  extends  from  Pulpit  mountain  to  Connery  pond 
and  southward  several  miles  contains  various  Grenville  rock  types. 
The  eastern  portion  of  Pulpit  mountain  consists  mostly  of  dark 
hornblende-feldspar-garnet  gneiss  with  scattering  red  garnets  up 
to  4 inches  in  diameter  enveloped  in  rims  of  black  hornblende. 
The  hill  south  of  Tom  Peck  pond  contains  mostly  hornblende- 
feldspar  gneisses  (often  garnetiferous)  interbedded  with  con- 
siderable well-stratified  pyroxene  gneiss  and  a little  biotite  gneiss. 
On  the  ridge  for  2 miles  south  from  Big  Cherrypatch  pond  the 
Grenville  is  mostly  hornblende-feldspar  gneiss,  usually  garnetifer- 
ous and  with  a little  interbedded  pyroxene  gneiss.  The  southern 
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part  of  the  area  shows  a number  of  exposures  of  dark  hornblende- 
feldspar-garnet  gneiss  with  red  garnets  up  to  one-half  of  an  inch 
in  diameter.  A little  quartzite  was  noted  at  one  place. 

About  one-half  of  a mile  east  of  the  southern  end  of  Mirror 
lake  there  is  a large  outcrop  of  dark,  very  gneissoid,  but  not  banded, 
hornblende-feldspar-garnet  gneiss  with  garnets  up  to  an  inch  or 
more  in  diameter  often  inclosed  in  envelops  of  hornblende. 

The  small  Grenville  masses  on  and  near  Cobble  hill,  and  i mile 
west  of  Coldspring  pond,  are  hornblende  gneisses,  two  of  these 
masses  being  distinct  inclusions  in  the  syenite. 

On  the  mountainside  miles  north  of  Eagle  Eyrie  (a  few 
rods  above  the  trail)  there  is  an  interesting  exposure,  several  hun- 
dred feet  long,  of  white,  rather  coarse-crystalline  calcite  marble 
with  scattering  small  crystals  of  phlogopite,  pyroxene  and  green 
apatite.  On  the  east  side  it  is  in  contact  with  syenite,  while  on  the 
west  it  seems  to  overlie,  in  part  at  least,  gray  feldspar-quartz-garnet 
gneiss  (presumably  Grenville). 

In  the  bed  of  a small  brook  one-half  of  a mile  south  of  Owen 
pond  there  is  a small  exposure,  clearly  an  inclusion,  of  Grenville 
limestone  — some  pure  white  and  some  rich  in  mica,  pyroxene  and 
pyrite  — associated  with  Grenville  gray  feldspar-pyroxene  gneiss. 

Near  Winch  pond  the  inclusion  of  Grenville  (see  map)  in  the 
syenite  is  a light-gray  feldspar-quartz  gneiss. 

In  the  Wilmington  notch  a good  exposure  at  the  edge  of  the 
river  (see  map)  shows  well-bedded  Grenville  green  pyroxene- 
feldspar  gneiss  and  light-gray  calcareous  pyroxene-quartz  gneiss, 
each  about  20  feet  thick. 

The  small  area  in  Sunrise  notch  consists  of  quartzitic  and 
pyroxenic  gneisses. 

Areas  in  the  vicinity  of  Keene  village.  On  the  western  side 
of  the  gorge  of  Ausable  river  (close  to  the  map  limits)  there  is  an 
outcrop  of  Grenville  limestone  and  close  by  it  an  outcrop  of  Gren- 
ville quartz-biotite  gneiss  or  schist. 

The  Grenville  which  constitutes  the  hill  from  one-half  to 
miles  north  of  Keene  is  quite  variable.  At  the  south,  hornblende- 
feldspar  gneisses  and  quartzites  are  interbedded  with  some  light- 
gray  feldspar-graphite  gneisses.  The  middle  portion  of  the  hill  is 
mostly  hornblende-feldspar  gneiss.  In  the  northern  portion  of  the 
hill  the  rock  is  mostly  green  pyroxene-garnet  gneiss  with  some 
interbedded  hornblende  gneiss  and  limestone,  the  limestone  con- 
taining graphite  and  green  pyroxene.  The  western  of  the  two 
limestone  outcrops  shown  on.  the  map  is  the  larger. 


Plate  5 


W.  J.  Miller,  photo,  1916 

High  fall  of  the  West  branch,  Ausable  river 
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In  the  Grenville  area  about  iy2  miles  a little  east  of  north  of 
Keene,  well-bedded  quartzites  and  hornblende  gneisses  are  prom- 
inently developed. 

The  area  between  2 and  3 miles  north  of  Keene  shows  a number 
of  large  exposures  of  typical  hornblende-feldspar  gneiss  with  one 
small  limestone  outcrop  in  the  southeast. 

On  Styles  brook,  just  above  the  falls,  well-stratified  Grenville 
hornblende  gneiss  and  hornblende-garnet  gneiss  with  some  inter- 
bedded  green  pyroxene  gneiss  form  the  walls  of  a small  gorge. 

The  Red  Rock  area  shows  very  fine  big  exposures  of  variable 
well-stratified  quartzite,  some  sharply  defined  beds  being  rich  in 
green  pyroxene,  others  in  red  garnets,  and  still  others  in  phlogo- 
pite.  Most  of  the  rock  contains  Hakes  of  graphite. 

The  small  area  ij4  miles  northwest  of  Keene  shows  light-gray 
feldspar-mica-graphite  gneiss.  According  to  Kemp’s  1898  map, 
limestone  occurs  here,  but  this  was  not  seen  by  the  writer. 

The  small  Grenville  .areas  east  of  Keene  show  green  pyroxene 
gneiss  and  quartzite. 

Area  near  Upper  Jay.  In  this  area,  southwest  of  the  village, 
the  main  body  of  Grenville  appears  to  be  dark  hornblende- feldspar 
gneiss  with  quartzite  or  green  pyroxene  gneiss  sometimes  locally 
developed.  Crystalline  limestone  and  gneiss  outcrop  in  the  eastern 
corner  of  this  area. 

Wilmington  mountain  areas.  In  the  area  at  the  southern  end 
of  Wilmington  mountain  there  are  many  fine  big  outcrops  of  well- 
stratified  Grenville.  The  rocks  are  mostly  green  pyroxene-feldspar 
gneisses,  biotite-feldspar  gneisses,  and  some  hornblende  gneisses 
interbedded.  In  and  about  the  graphite  mines  in  the  central-eastern 
part  of  the  area  there  is  considerable  crystalline  limestone  associated 
with  some  pyroxene-garnet  rocks. 

The  large  West  Kilns-Middle  Kilns  area  shows  a considerable 
number  of  good  outcrops.  On  the  side  of  Wilmington  mountain 
the  principal  rocks  are  hornblende-feldspar  gneisses  and  green 
pyroxene  gneisses,  both  of  these  at  times  carrying  garnets.  Quartz- 
feldspar-mica  gneiss  and  almost  pure  quartzite  are  there  more 
locally  developed.  Within  one-half  of  a mile  east  of  West  Kilns 
there  are  several  ledges  of  clearly  bedded  quartz- f el, dspar-phlogo- 
pite-graphite  gneisses,  considerably  weathered  and  rusty  looking. 
Near  the  road  three-fourths  of  a mile  east  of  West  Kilns,  Gren- 
ville limestone  and  quartzite  are  poorly  exposed,  and  one-fourth  of 
a mile  east  of  this,  by  the  road,  pyroxene-feldspar-quartz  gneiss 
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outcrops.  Parts  of  the  latter  rock  are  porous,  probably  due  to 
weathering  out  of  calcareous  material.  Just  west  of  Middle  Kilns, 
by  the  road,  well-banded  hornblende- feldspar  gneiss  shows  in  a 
good  ledge.  The  Grenville  at  the  base  of  Catamount  mountain  is 
mostly  dark  hornblende-feldspar  gneiss,  often  garnetiferous.  In 
the  quarry  (see  map)  in  this  area  there  is  a fine  big  exposure  of 
very  coarse  crystalline  limestone  with  some  portions  containing 
large  irregular  masses  of  clear  quartz  and  one-fourth  to  one-half 
inch  crystals  of  dark-green  pyroxene  and  pale  bluish  green  apatite. 
Other  portions  of  this  limestone  contain  considerable  titanite. 

Areas  near  Franklin  Falls.  The  Grenville  area  east  and  north 
of  Franklin  Falls  shows  very  fine  outcrops.  By  the  roadside,  one- 
third  of  a mile  north  of  the  village,  there  is  a large  exposure  of 
distinctly  bedded,  impure,  badly  weathered  limestone  containing 
quartz,  graphite  and  pale-green  pyroxene.  It  is  associated  with 
some  hornblende-feldspar  gneiss  and  calcareous  quartzite  with 
flakes  of  graphite  and  phlogopite  and  specks  of  pyrrhotite.  On  the 
road  just  east  of  Franklin  Falls  there  are  good  ledges  of  greenish 
gray  quartz-pyroxene  gneiss,  some  of  which  contain  graphite. 
Steep  ledges  forming  the  north  bank  of  the  river  just  opposite  are 
of  similar  rock.  On  the  road  one-half  of  a mile  east  of  the  village 
there  are  small  exposures  of  rotten  graphitic  limestone  and 
quartzitic  gneiss  with  graphite.  The  southern  part  of  the  area 
consists  of  hornblende  gneiss  and  quartzite  interbedded. 

The  small  area  iy2  miles  east  of  Franklin  Falls  shows  greenish 
gray  quartz-pyroxene  gneiss  not  certainly  in  situ. 

At  Woodrufif  fall  coarse  crystalline  limestone  containing  graphite 
and  green  pyroxene  shows  in  an  old  quarry.  A few  rods  to  the 
south  there  are  ledges  of  hornblende-feldspar  gneiss.  The  other 
two  limestone  outcrops  indicated  on  the  map  are  associated  with 
pyroxene  gneiss. 

In  an  old  prospect  hole,  one-half  of  a mile  south  of  Franklin 
Falls,  coarse  crystalline  limestone  with  much  graphite  is  exposed. 

The  small  area  i mile  east  of  Franklin  Falls  shows  hornblende 
gneiss  and  quartz-pyroxene  gneiss  interbedded. 

Anorthosite  Series 

General  statements.  So  fa!r  as  now  known,  the  anorthosite 
was  the  first  of  the  great  intrusive  bodies  which  broke  through  the 
Grenville  strata.  This  rock  is  almost  wholly  confined  to  an  area 
of  about  1200  square  miles  mostly  in  Essex  and  Franklin  counties. 
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It  is  prominently  developed  in  the  Lake  Placid  quadrangle.  The 
typical  rock,  known  as  the  Marcy  anorthosite,  is  very  coarse 
grained,  bluish  gray  in  color,  and  consists  principally  of  basic 
plagioclase  feldspar.  A widely  developed  facies,  known  as  the 
Whiteface  anorthosite,  is  usually  medium  grained  and  character- 
ized by  a preponderance  of  milky  white  to  light,  greenish  gray, 
basic  plagioclase  feldspar  with  small  amounts  of  dark  minerals. 
Loth  of  the  types  locally  contain  considerable  quantities  of  dark 
minerals.  For  most  part  the  molten  anorthosite  appears  to  have 
pushed  aside  or  displaced  the  Grenville  rocks,  though  in  many  cases 
masses  of  Grenville,  from  small  fragments  to  large  bodies,  were 
enveloped  by  the  anorthosite,  and  in  still  other  cases  there  appears 
to  have  been  intimate  injection  of  the  Grenville  by  the  molten 
anorthosite. 

Marcy  type  of  anorthosite.  Distribution.  This  type  of  the 
anorthosite  is  named  from  Mt  Marcy  where  the  rock  is  so  well 
developed.  When  the  whole  great  body  of  Adirondack  anorthosite 
is  considered,  this  Marcy  type  is  the  most  commonly  and  typically 
developed.  Within  the  Lake  Placid  quadrangle,  however,  a special 
phase,  known  as  the  Whiteface  anorthosite  (see  below)  is  actually 
somewhat  more  abundant  in  the  known  areas  of  outcrop. 

The  areas  colored  to  show  the  extent  of  the  Marcy  anorthosite 
represent  about  35  square  miles  wholly  confined  to  the  southern 
two-thirds  of  the  quadrangle.  There  are  ten  areas  in  all.  By  far 
the  largest  exposed  body  of  Marcv  anorthosite  in  the  quadrangle 
extends  from  the  northern  portion  of  the  Sentinel  range  north- 
eastward to  the  village  of  Haselton.  Next  to  the  largest  body 
extends  northwestward  from  Lake  Placid  for  several  miles.  Two 
small  bodies  occur  on  the  large  islands  in  Lake  Placid.  Other 
small  masses  are  located  as  follows : on  Marble  mountain ; west  of 
Wilmington  village;  and  four  small  ones  in  the  vicinity  of  Keene 
village.  In  addition  to  these  definitely  known  areas,  some  Marcy 
anorthosite  quite  certainly  lies  concealed  under  Pleistocene  deposits 
in  the  areas  mapped  as  occupied  by  heavy  glacial  and  postglacial 
deposits. 

Megascopic  features.  The  most  common  phase  of  Marcy  anor- 
thosite is  a very  coarse-grained,  light  to  dark  bluish  gray  rock  con- 
sisting very  largely  of  basic  plagioclase  feldspar,  mainly  labradorite. 
The  dark  bluish  gray  labradorite  crystals  usually  vary  in  length 
from  one-fourth  of  an  inch  to  several  inches,  with  crystals  an  inch 
long  very  common.  Occasionally  the  labradorites  exhibit  the 
beautiful  play  of  colors  (chiefly  green  and  blue)  so  characteristic 
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of  this  species  of  feldspar,  but  this  phenomenon  is  neither  so  strik- 
ing nor  so  common  in  the  Marcy  anorthosite  as  in  labradorite  from 
certain  other  regions.  Twinning  striations  are  usually  evident  on 
the  shiny  cleavage  faces  of  the  labradorite. 

Accessory  minerals  visible  to  the  naked  eye  are  large  individuals 
of  pyroxene  and  hornblende,  and  small  individuals  of  biotite, 
ilmenite,  pyrite,  garnet,  and  more  rarely  chalcopyrite  and  pyr- 
rhotite.  Due  to  decomposition  of  the  dark  minerals,  the  weathered 
anorthosite  is  usually  light  brown,  but  such  rock  is  not  common. 
Locally  the  amount  of  dark-colored  minerals  rises  to  15  to  25  per 
cent  when  the  rock  should  really  be  called  anorthosite-gabbro.  In 
many  places  such  anorthosite-gabbro  and  typical  anorthosite  exhibit 
perfect  gradations  from  one  into  the  other,  often  within  a few  rods. 
The  gabbroic  facies  is,  however,  decidedly  subordinate  in  amount, 
and  it  has  not  seemed  feasible  to  represent  it  separately  on  the 
geologic  map. 

An  important  facies  of  the  Marcy  anorthosite  is  one  in  which 
dark  bluish  gray  labradorite  individuals,  from  a few  millimeters  to 
an  inch  or  more  across,  stand  out  conspicuously  in  a distinctly 
granulated  groundmass  of  feldspar.  In  the  fresh  rock  the  granu- 
lated material  varies  from  light  gray  to  pale  greenish  gray.  The 
granules  usually  vary  in  size  from  microscopic  to  1 or  2 millimeters 
across.  Even  a glance  at  a hand  specimen  of  such  a rock  makes 
it  clear  that  the  large  labradorites  are  roughly  rounded,  uncrushed 
cores  of  what  were  considerably  larger  individuals  before  the  rock 
was  subjected  to  the  process  of  granulation.  In  this  type  of  rock, 
therefore,  the  labradorites  stand  out  like  phenocrysts,  thus  giving 
the  rock  a distinctly  porphyritic  appearance,  though  of  course 
crystal  boundaries  are  seldom  if  ever  present.  All  degrees  of 
granulation  are  shown,  from  rocks  in  which  there  is  little  or  no 
evidence  of  crushing,  to  others  in  which  relatively  large,  dark  lab- 
radorites are  scattered  through  a granulated  groundmass,  to 
extreme  cases  where  the  whole  rock  has  been  so  thoroughly  granu- 
lated that  few,  if  any,  labradorite  cores  remain.  In  spite  of  exces- 
sive granulation,  the  fresh  rock  is  very  firm  and  hard.  The 
extremely  granulated  types,  especially  where  somewhat  weathered 
to  light  brown,  bear  a close  resemblance  to  normal  weathered 
syenite  (see  below)  and  may  be  readily  mistaken  for  such  in  small 
outcrops  in  the  woods.  Careful  examination  of  a number  of  speci- 
mens from  an  outcrop  will,  however,  almost  invariably  yield  at 
least  a few  small  uncrushed  cores  of  labradorite  to  furnish  the 
clew  to  the  nature  of  the  rock.  In  connection  with  the  granulation 
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W.  J.  Miller,  photo 

Upper  figure.  Photograph  of  a hand  specimen  of 
typical  Marcy  anorthosite.  About  natural  size.  Large 
dark  patches  are  “ augen  ” of  labradorite  whose  natural 
color  is  very  dark  bluish  gray.  Matrix  is  mostly  granu- 
lated plagioclase  whose  natural  color  is  light  greenish 
gray.  A few  of  the  small  black  patches  represent 
chalcopyrite  and  pyrite  whose  natural  colors  are  dark 
and  light  brass-yellow. 

Lower  figure.  Photograph  of  a hand  specimen  of 
typical  moderately  gabbroid  and  gneissoid  Whiteface 
anorthosite.  About  natural  size,  and  almost  natural 
color.  White  material  is  plagioclase,  and  dark  ma- 
terial is  mostly  hornblende  and  pyroxene. 
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of  this  rock  it  is  important  to  note  that  extreme  degrees  of  crushing 
may  often  be  observed  in  single  outcrops  of  ordinary  dimensions. 
A striking  example  of  such  phenomena  is  in  the  big  ledge  on  the 
shore  of  Lake  Placid  at  the  southwestern  end  of  Moose  island 
where  coarse-grained,  nongneissoid  anorthosite,  with  labradorite 
crystals  up  to  4 inches  across,  has  in  it  a zone  of  much  finer  grained 
and  moderately  gneissoid  anorthosite,  the  one  grading  into  the  other. 
Another  illustration  is  in  the  road  metal  quarry  near  the  road 


Fig.  1 Sketch  of  a large  crystal  of  labradorite  from  the  anorthosite 
quarry  il/2  miles  northeast  of  Upper  Jay.  Natural  size.  Note  the  large 
amount  of  granulated  feldspar  irregularly  distributed  through  the  crystal. 
Due  to  deformation  during  the  process  of  granulation,  the  twinning  bands 
are  distinctly  curved  in  the  middle  right  portion  and  sharply  shifted  in 
position  in  the  lower  portion.  Dark  patches  are  pyroxene.  Dotted  rim  on 
left  is  granulated  garnet. 
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miles  northeast  of  Upper  Jay  where  is  to  be  found  one  type  of 
anorthosite  made  up  of  crystals  of  labradorite  from  one  to  several 
inches  across  with  evidence  of  only  moderate  crushing,  along  with 
another  type  in  which  only  occasional  large  rounded  cores  are  left, 
and  still  other  types  in  which  practically  all  the  feldspar  has  been 
granulated  into  a tine  to  medium-grained  rock.  These  types  are 
in  zones  which  show  perfect  gradations  from  one  extreme  to  the 
other. 

Most  of  the  typical  Marcy  anorthosite  is  practically  devoid  of 
foliation,  hence  the  general  absence  of  dip  and  strike  signs  from 
these  areas  on  the  geologic  map.  In  some  places,  where  the  rock 
is  only  moderately  coarse  grained,  there  is  a noticeable  tendency 
for  the  feldspars  to  show  a crude  parallelism.  It  is  usually  impos- 
sible to  determine  satisfactorily  the  dip  and  strike  of  such  foliation 
in  ordinary  outcrops  in  the  woods.  The  more  gabbroic  phases  of 
the  rock  do,  however,  often  exhibit  a fair  to  well-defined  foliation 
due  to  the  parallel  arrangement  of  the  dark-colored  minerals.  An 
important  consideration  is  the  frequent  gradation  from  well- 
foliated  to  slightly  or  nonfoliated  anorthosites  or  anorthosite- 
gabbros  within  short  distances,  often  not  more  than  a few  rods. 
The  causes  of  the  foliation  and  granulation  of  the  anorthosite  are 
evidently  closely  related  and  this  matter  is  considered  below  in 
the  chapter  on  Structural  Geology. 

Microscopic  features.  In  accompanying  table  i,  the  six  thin 
sections  were  selected  to  illustrate  the  usual  mineralogical  varia- 
tions of  the  Marcy  anorthosite.  About  a dozen  mineral  species  in 
all  were  noted.  By  far  most  of  the  feldspar  is  seen,  under  the 
microscope,  to  be  striated  labradorite,  to  possibly  bytownite  in 
some  cases.  Where  more  acidic  plagioclase  is  present,  it  is  always 
in  subordinate  amount.  In  thin  section,  with  a low  power  of  the 
microscope,  the  larger  labradorites  are  usually  seen  to  be  more  or 
less  filled  with  very  dark  dustlike  particles.  With  a higher  power 
these  are  seen  to  be  practically  opaque,  slender  prismatic,  or  some- 
times tabular,  forms  with  parallel  arrangement  often  strung  out 
parallel  to  the  twinning  bands  of  the  feldspar.  Professors  Cushing 
and  Kemp,  who  have  noted  such  inclusions,  think  they  are  most 
likely  ilmenite.  They  no  doubt  give  the  dark  color  to  the  labra- 
dorite. Monoclinic  greenish  gray  pyroxene  with  good  cleavage  — 
usually  augite  but  sometimes  diallage  — appears  in  all  the  slides. 
The  chlorite  in  slide  5 was  quite  certainly  derived  from  pyroxene. 
The  hornblende  exhibits  good  cleavages  and  pleochroism  from 
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Table  i Thin  sections  of  anorthosite 
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No.  i,  five-sixths  of  a mile  east-southeast  of  Owen  pond;  no.  2,  south- 
western end  of  Moose  island  in  Lake  Placid;  no.  4,  same;  no.  5,  Under- 
cliff,  on  Lake  Placid;  no.  35,  three-fifths  of  a mile  north  of  Undercliff; 
no.  44,  five-sixths  of  a mile  north  of  Loch  Bonnie;  nos.  6 and  6a,  river 
gorge  one-half  of  a mile  south  of  Keene;  no.  7,  by  the  river  two-thirds 
of  a mile  southwest  of  Copperas  pond;  no.  8,  one-half  of  a mile  northwest 
of  Malcom  pond;  no.  9,  one-half  of  a mile  east  of  Owen  pond;  no.  13,  one- 
third  of  a mile  northwest  of  the  summit  of  Mit  Whiteface;  no.  14,  summit 
of  Mt  Whiteface;  no.  15,  just  above  bridge  at  The  Flume;  no.  17,  The 
Flume;  no.  18,  between  the  tongues  of  granite  iVs  miles  northeast  of  the 
summit  of  Little  Whiteface  mountain;  no.  19,  by  the  road  three-fourths 
of  a mile  east-northeast  of  Keene;  no.  20,  two-thirds  of  a mile  northeast 
of  the  summit  of  Sunrise  mountain;  no.  34,  same  locality  as  no.  7 above. 

yellowish  green  to  deep  green.  Garnet  is  quite  certainly  of  second- 
ary origin,  having  developed  along  the  contact  between  feldspar 
and  pyroxene,  or  as  rims  around  the  pyroxene.  The  other  minerals 
require  no  special  comment.  Under  the  microscope,  the  granula- 
tion is  often  a striking  feature. 

Whiteface  type  of  anorthosite.  Distribution.  Of  the  defi- 
nitely known  areas  of  outcrop  of  anorthosite  within  the  quadrangle, 
the  Whiteface  type,  where  practically  free  from  mixture  with 
other  rocks,  occupies  about  40  square  miles.  It  is,  therefore,  some- 
what more  extensive  than  thfc  Marcy  anorthosite.  There  must  be 
added  some  2 or  3 square  miles  of  Whiteface  anorthosite  more  or 
less  intimately  mixed  with  other  rocks  and  mapped  as  such.  An 
unknown,  though  considerable,  amount  of  this  anorthosite  also 
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extends  under  cover  of  glacial  drift  where  such  deposits  effectually 
conceal  the  underlying  rocks,  this  being  particularly  true  east  and 
southeast  of  Franklin  Falls,  west  and  north  of  Wilmington,  and 
north  of  Clifford  Falls.  So  far  as  known  at  present,  this  White- 
face  type  of  anorthosite  appears  to  be  relatively  more  abundant  in 
the  Lake  Placid  quadrangle  than  in  any  other  portion  of  the  Adi- 
rondacks.  Professor  Kemp  has  described  similar  rocks  as  occur- 
ring in  smaller  amount  in  the  Elizabethtown  quadrangle. 

The  Whiteface  anorthosite  is  most  irregularly  distributed  with 
reference  to  the  other  rocks.  One  reason  for  this  is  that  the  later 
syenite-granite  intruded  it  so  very  irregularly.  Although  the 
Whiteface  anorthosite  is  quite  certainly  a differentiation  phase  of 
the  Marcy  anorthosite,  and,  in  a broad  sense,  may  be  regarded  as 
a border  facies  of  that  rock,  nevertheless  it  does  not  form  well- 
defined  borders  about  the  Marcy  anorthosite  as  the  gabbroic  facies 
do  about  the  anorthosite  of  the  Long  Lake  and  Elizabethtown 
quadrangles  mapped  bv  Professors  Cushing  and  Kemp  respectively. 
The  largest  area  of  Marcy  anorthosite  is,  to  a considerable  extent 
at  least,  flanked  on  either  side  by  Whiteface  anorthosite.  On  the 
north,  however,  the  Whiteface  rock  is  more  extensively  developed 
than  the  Marcy  rock.  Also,  some  small  mappable  bodies  of  both 
Whiteface  and  Marcy  anorthosite  are  isolated  from  the  larger 
bodies.  It  is  by  no  means  uncommon  to  find  within  the  areas  of 
Marcy  anorthosite  small  local  developments  of  rocks  which  greatly 
resemble  the  Whiteface  type  and  vice  versa.  In  short,  the  differen- 
tiation of  the  anorthosite  magma  was  asymmetric  and  this,  com- 
bined with  the  very  irregular  intrusion  of  the  later  syenite-granite 
body,  accounts  for  the  very  uneven  distribution  of  the  anorthosite. 

By  far  the  largest  area  occupies  much  of  Wilmington,  White- 
face  and  Esther  mountains,  Knapp  hill  and  vicinity,  and  the 
vicinity  of  Franklin  Falls.  An  area  several  miles  long  mostly  occu- 
pies the  valley  of  the  West  Branch  Ausable  river  from  The  Flume 
to  near  Connery  pond.  Several  square  miles  of  the  Whiteface 
anorthosite  occur  in  the  vicinity  of  Keene,  and  a little  over  i square 
mile  in  the  vicinity  of  Upper  Jay.  Areas  of  less  than  i square 
mile  are  located  as  follows:  the  southern  base  of  Catamount 
mountain;  I mile  north  of  Middle  Kilns;  i%  miles  northeast  of 
Wilmington ; southern  slope  of  Little  Whiteface  mountain ; on 
Hawk  island,  and  on  a portion  of  Moose  island  in  Lake  Placid; 
along  the  river  west  of  Malcom  pond ; miles  northeast  of  Keene ; 
one-half  of  a mile  south  of  Keene;  and  iy2  miles  southwest  of 
Upper  Jay. 
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W.  J.  Miller,  photo,  1916 

The  Flume,  through  which  flows  the  West  branch,  Ausable  river,  2 miles 
southwest  of  Wilmington.  The  rock  is  pinkish  gray  Whiteface  anorthosite. 
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Megascopic  features.  A glance  at  35  or  40  specimens  of  White- 
face  anorthosite  shows  the  usual  rock  to  be  medium  grained  and 
white,  light  gray,  pale  greenish  gray,  or,  more  rarely,  pinkish  gray, 
depending  upon  the  color  of  the  plagioclase  feldspar.  In  most 
cases  the  greenish  tint  seems  to  be  due  to  stains  of  chlorite  or 
serpentine  which  have  resulted  from  the  decomposition  of  the  dark 
minerals.  A few  specimens  contain  no  large  uncrushed  cores  of  lab- 
radorite,  but  the  outcrops  from  which  such  specimens  come  show 
these  large  labradorites  to  be  sporadically  present.  Nearly  all  the 
specimens  contain  from  1 to  10  or  12  per  cent  of  dark  minerals, 
these  being  principally  pyroxene  and  hornblende,  with  garnet  and 
biotite  less  common,  and  tiny  grains  of  oxides  and  sulphides  of 
iron  in  most  specimens. 

A gneissoid  structure  is  generally  well  enough  developed  to  be 
readily  noticeable  in  the  hand  specimens,  this  being  particularly 
true  of  the  rocks  relatively  richer  in  dark  minerals.  Many  of  the 
rocks  show  more  or  less  evidence  of  granulation,  sometimes  to  an 
excessive  degree,  but  many  others  appear  not  to  have  been  notice- 
ably granulated. 

The  most  typical  Whiteface  anorthosite,  so  well  exposed  at  the 
top  of  Mt  Whiteface,  is  medium  grained,  and  consists  of  white 
plagioclase  (all  or  nearly  all  labradorite)  with  5 to  12  per  cent  of 
dark  minerals  scattered  through  the  mass  parallel  to  a crude  foli- 
ated structure.  Such  a rock  stands  out  in  marked  contrast  against 
the  most  typical  Marcy  anorthosite  which  has  nearly  the  same  com- 
position, but  which  is  very  coarse  grained,  light  to  dark  bluish  gray, 
and  rarely  foliated.  Since  both  types  are  differentiates  of  the  same 
cooling  magma,  they  are  not  sharply  separated,  and  it  is  often  diffi- 
cult in  the  field  to  draw  other  than  arbitrary  lines  between  them. 
This  matter  is  more  fully  discussed  below. 

Local  variations  of  the  more  typical  Whiteface  anorthosite  are 
richer  in  dark  minerals,  which  may  make  up  from  15  to  30  per 
cent  of  the  rock.  In  short,  they  are  nearly  always  clearly  foliated 
gabbroic  anorthosites  with  white  or  light-gray  feldspar.  Such 
rocks  are  not  abundant  and  they  do  not  exist  as  rather  definite 
borders  about  the  anorthosite  like  the  gabbroic  border  phase  of 
anorthosite  in  the  Long  Lake  quadrangle,  as  described  by  Cushing. 
Rather,  these  gabbroic  phases  occur  very  locally  as  zones  or  belts 
here  and  there  throughout  the  areas  of  Whiteface  anorthosite. 
So  far  as  could  be  made  out,  they  are  not  different  from  the 
typical  Whiteface  rock  except  for  the  higher  content  of  dark 
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minerals,  including  garnet.  iA  few  examples  follow.  On  the 
southern  side  of  Hawk  island  in  Lake  Placid,  big  ledges  show 
typical  nearly  white  anorthosite  and  ;a  gray  anorthosite  with  20  to 
25  per  cent  of  dark  minerals,  these  two  facies  not  being  sharply 
separated.  Along  the  river  two-thirds  of  a mile  west-northwest 
of  Owen  pond  there  are  big  ledges  of  Whiteface  anorthosite  with 
zones  of  very  gneissoid,  dark,  gabbroic  anorthosite.  On  the  moun- 
tain spur  two-thirds  of  a mile  southeast  of  Morgan  pond  there  is 
locally  developed  in  the  Whiteface  anorthosite  a strongly  gneissoid 
facies.  In  the  little  area  of  mixed  gneisses  one-half  of  a mile  east 
of  Keene  village  the  Whiteface  anorthosite  shows  a local  develop- 
ment rich  in  black  minerals  and  garnet.  By  the  river  three-fifths 
of  a mile  west  of  Owen  pond  a single  outcrop  exhibits  quite  typical 
Whiteface  anorthosite  and  a very  gabbroic  facies  (no.  34  of 
table  1)  in  fairly  sharp  contact  but  without  one  cutting  the  other. 
Local  variations  of  the  sort  here  described  are  believed  to  have 
been  produced  as  a result  of  differential  flowage  under  moderate 
pressure  in  the  cooling  and  differentiating  anorthosite  magma,  this 
matter  being  rather  fully  considered  beyond. 

Certain  exceptional  types  of  very  limited  extent  deserve  men- 
tion. One  of  these  forms  the  walls  of  The  Flume  through  which 
flows  the  West  Branch  Ausable  river.  It  is  medium  to  moderately 
coarse  grained,  consists  very  largely  of  pink  labradorite  together 
with  2 to  15  per  cent  of  hornblende  and  pyroxene  scattered  through 
the  mass,  and  is  at  times  slightly  gneissoid.  This  is  no.  17  of 
table  1.  It  contains  no  large  blue  labradorite  crystals.  Some  small 
drawnout  or  lenslike  inclusions  of  Grenville  pyroxene  gneiss  occur, 
a careful  study  of  these  in  the  field  having  led  to  the  suggestion 
that  most  of  the  much  smaller  (one-fourth  to  one-half  of  an  inch) 
lenslike  masses  which  make  up  5 to  15  per  cent  of  considerable 
portions  of  the  rock  are  really  very  small  fragments  of  Grenville 
gneiss  which  were  caught  up  in  the  intruding  magma  and  roughly 
arranged  parallel  to  the  magmatic  lines  of  flowage. 

The  only  other  similar  pink  anorthosite  found,  occurs  in  the 
small  area  on  the  mountain  side  1 mile  east-southeast  of  Owen 
pond.  This  rock  never  shows  over  2 per  cent  of  dark  minerals, 
and  it  contains  no  inclusions  of  Grenville. 

Another  exceptional  type  is  medium  grained  and  almost  pure 
white,  with  about  1 per  cent  of  green  pyroxene  and  very  few 
scattering  grains  of  ilmenite  and  titanite.  In  thin  section  it  shows 
fully  24  per  cent  of  colorless  monoclinic  pyroxene  with  good 
cleavages.  This  is  no.  18  of  table  1.  It  is  finely  exposed  in  bare 
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W.  J.  Miller,  photo,  1916 

Lower  end  of  The  Flume,  2 miles  southwest  of  Wilmington. 
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ledges  on  top  of  the  mountain  spur  1R3  miles  northeast  of  the 
summit  of  Little  Whiteface  mountain. 

Microscopic  features.  The  thirteen  thin  sections  listed  in  table  1 
are  from  specimens  chosen  to  illustrate  the  usual  range  in  mineral 
composition  of  the  Whiteface  anorthosite  of  the  quadrangle. 
Altogether  some  sixteen  or  seventeen  mineral  species  were  noted. 
Plagioclase  feldspar,  chiefly  labradorite,  always  makes  up  the  mam 
bulk  of  the  rock,  being  seldom  less  than  85  per  cent.  Oligoclase 
and  andesine  commonly  occur  in  small  amounts.  So  far  as 
observed,  the  feldspar  never  shows  the  black  dustlike  inclusions 
so  common  in  the  labradorite  of  the  Marcy  anorthosite.  Some  of 
the  large  phenocrysts  probably  would  show  them,  but  none  of  these 
appear  in  the  thin  sections  examined. 

Greenish  gray,  or  less  commonly  a nearly  colorless,  monoclinic 
pyroxene  (in  one  case  some  diallage)  appears  in  all  the  sections 
except  no.  6,  in  which  slide  the  chlorite  was  evidently  largely 
derived  from  pyroxene.  In  no.  18  all  but  1 per  cent  of  the  pyroxene 
is  nearly  colorless  and  the  large  amount  is  very  exceptional. 
Pyroxene  is  the  second  most  abundant  constituent  of  the  rock. 

Next  in  amount  comes  the  hornblende,  never  more  than  5 or  6 
per  cent.  Its  pleochroism  is  usually  greenish  yellow  to  deep  green 
or  brownish  green,  and  the  cleavages  are  good. 

Biotite  was  noted  in  only  one  slide,  but  it  was  occasionally  noted 
in  the  field.  Red  garnet  occurs  in  several  slides,  but  it  is  present 
as  scattering  grains  through  the  Whiteface  anorthosite  in  many 
localities.  Ilmenke  (or  magnetite)  is  generally  present  in  tiny 
grains.  Tiny  prisms  or  rounded,  grains  of  apatite,  zircon  or  titanite 
often  occur  in  very  slight  amounts.  Hematite,  muscovite  and  quartz 
(probably  secondary)  are  rare. 

So  far  as  can  be  judged  by  a study  of  hand  specimens  and  thin 
sections,  it  seems  to  be  quite  the  rule  that  the  Whiteface  anorthosite 
is  less  granulated  than  the  Marcy  anorthosite.  Only  exceptionally 
does  the  Whiteface  type  appear  to  have  been  severely  crushed.  A 
possible  explanation  will  be  offered  beyond  under  the  caption 
“ Foliation.” 

Chemical  composition  of  the  anorthosite.  Analyses  of  the 
Marcy  type  of  anorthosite  from  the  summit  of  Mt  Marcy,  and  of 
the  Whiteface  type  from  the  summit  of  Mt  Whiteface,  have  been 
made  for,  and  described  by,  Professor  Kemp.1  They  are  as  follows: 


1 N.  Y.  State  Mus.  Bui.  138,  p.  32-34  and  36-37.  1910. 
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I 2 

SiO, 54-47  53  -i8 

ALA  26.45  23.25 

FeA  1-30  i-53 

FeO  67  1.82 

MgO  .69  2.60 

CaO  10.80  11. 18 

Na20  4-37  3-97 

K20 92  .86 

H20+ 53  1 -13 

C02  .34 

Ti02  .45 

S tr. 

P2Os  .09 

MnO  .11 


No.  1 represents  the  analysis  by  A.  R.  Leeds  of  the  rock  from 
Mt  Marcy,  and  no.  2 represents  the  analysis  by  George  Steiger 
of  the  rock  from  Mt  Whiteface.  According  to  Kemp,  no.  I,  in 
the  Quantitative  Classification  of  Cross  Iddings,  Pirsson,  and  Wash- 
ington, belongs  in  class  1 (Persalane),  order  5 (Canadare),  rang 
4 (Labradorase),  subrang  3 (Labradorose)  ; and  no.  2 falls  in 
class  2 (Dosalane),  order  5 (Germanare),  rang  4 (Hessase),  sub- 
rang 3 (Iiessose).  The  mineral  composition  of  a thin  section  of 
rock  from  the  summit  of  Mt  Whiteface  is  shown  by  no.  14  of 
table  1 on  page  21.  These  two  analyses  are  doubtless  very  repre- 
sentative of  the  more  common  Marcy  and  Whiteface  types  of 
anorthosites  in  the  Lake  Placid  quadrangle,  as  judged  by  the  micro- 
scopic examination  of  various  thin  sections.  The  analyses  show  a 
close  similarity  in  the  chemical  composition  of  these  two  rock 
types.  Order,  rang  and  subrang  are  the  same  for  both,  the  dif- 
ference in  class  no  doubt  being  due  to  the  somewhat  greater  per- 
centage? of  ferro-magnesian  minerals  in  the  Whiteface  rock  which 
happened  to  be  chosen  for  analysis.  Such  close  similarity  of  chem- 
ical composition  strongly  supports  the  idea  that  the  Marcy  and 
Whiteface  types  of  anorthosite  represent  differentiates  of  the 
same  magma. 

The  rather  high  percentage  of  potash  in  rocks  of  this  character 
calls  for  explanation.  The  lack  of  such  dark-colored  minerals  as 
would  furnish  enough  potash  causes  Kemp1  to  think  that  orthoclasc 


1 N.  Y.  State  Mus.  Bui.  138,  p.  30.  1910. 
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Gorge  and  falls  (over  dam)  of  Saranac  river  at  Franklin  Falls.  The 
rock  is  Whiteface  anorthosite. 
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must  be  present  up  to  5 per  cent  or  more  as  untwinned  feldspar. 
Cushing,  however,  says:  “The  potash  is  in  the  labradorite  (or 
other  plagioclase),  replacing  a certain  amount  of  soda”  and  “that 
analyses  of  this  feldspar  always  show  it.”  If  orthoclase  is  present 
in  the  typical  anorthosites,  the  writer  has  been  unable  to  demon- 
strate it  in  the  thin  sections  examined.  Usually  the  plagioclase  is 
beautifully  and  completely  twinned,  but  many  of  them  are  much 
less  so,  some  of  the  slices  showing  only  a little  very  local,  very  faint 
twinning.  Still  other  feldspar  slices,  which  show  no  twinning  but 
which  have  apparently  similar  index  of  refraction  and  double 
refraction,  are  quite  certainly  untwinned  plagioclase.  It  seems 
most  probable,  therefore,  that  much,  if  not  all,  of  the  potash  is  in 
the  plagioclase,  with  possibly  a little  in  the  dark  minerals  pyroxene 
and  hornblende.  Certain  border  phases  of  the  anorthosite  (below 
described)  do  contain  orthoclase  and  microperthite,  but  these  are 
believed  to  be  due  to  mixing  with  the  later  syenite-granite  magma. 

Graphite  in  the  anorthosite.  Professor  Kemp  has  in  a letter 
furnished  the  following  information  regarding  some  interesting 
occurrences  of  graphite  in  the  anorthosite.  “ Below  the  dam  across 
the  Saranac  river  at  Franklin  Falls,  in  the  ledge  on  which  it  rests, 
there  is  a streak  of  graphite  traceable  for  some  yards.  In  several 
places  on  Knapp  hill,  2 miles  to  the  south,  I found  the  graphite 
again  in  the  Whiteface  type.  I have  also  found  it  in  the  Marcv  type 
of  anorthosite  where  exposed  near  the  Grenville  at  the  Red  Rocks 
(near  Keene).  Probably  the  hydrocarbons  which  yielded  the 
graphite  were  stewed  out  of  the  neighboring  or  included  Grenville. 
This  mineral  is  unusual  in  intrusive  rocks.” 

The  anorthosite  an  intrusive  body.  Until  very  recently,  the 
Adirondack  anorthosite  has  been  regarded  by  the  several  workers 
in  the  region  as  an  intrusive  in  the  ordinary  sense  of  that  term. 
N.  L.  Bowen  has,  however,  seriously  questioned  whether  the  anor- 
thosite ever  had  been  a truly  molten  mass.  His  reasons  for  think- 
ing that  it  was  never  hot  enough  to  have  been  really  molten  are 
based  upon  certain  chemical  considerations.  His  study  of  the 
literature  led  him  to  believe  that  his  conception  is  not  opposed  by 
field  facts.  He  stresses  the  simple  mineral  composition  of  the  anor- 
thosite and  says  in  part:  “ Normally  rocks  are  made  up  of  several 
minerals,  and  when  considering  their  magmas,  we  have  to  regard 
the  various  minerals  as  existing  therein  in  mutual  solution.  . . . 
What,  then,  of  the  solution  theory  as  applied  to  the  anorthosites 
which  typically  consist  almost  exclusively  of  the  single  mineral 
plagioclase?  Were  they  ever  hot  enough  to  be  molten  per  sef 
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Chemical  considerations  and  field  facts  both  indicate  that  this  latter 
question  is  probably  to  be  answered  in  the  negative.  The  chem- 
ical considerations  bring  out  the  improbability  of  the  formation 
of  anorthosite  in  any  manner  other  than  by  the  accumulation  of 
plagioclase  crystals  precipitated  from  solution  in  a mixed  magma.” 
He  therefore  conceives  of  “ the  Adirondack  anorthosite-syenite 
complex  as  essentially  a stratified  mass  with  syenite  above  and 
anorthosite  below.”  1 

Bowen’s  arguments  from  the  theoretical  standpoint,  at  least,  are 
not  to  be  lightly  brushed  aside.  But  after  months  of  detailed  field 
work  in  a region  like  the  Lake  Placid  quadrangle  where  anorthosite 
is  so  prominently  developed  in  all  its  phases,  the  writer  believes 
that  certain  field  facts  are  most  decidedly  opposed  to  Bowen’s 
conception.2  The  main  facts  of  this  sort  will  be  here  briefly  men- 
tioned, actual  examples  and  detailed  descriptions  being  given  else- 
where in  this  bulletin. 

1 Sharply  defined  inclusions  (small  and  large)  of  Grenville  rocks 
occur  in  many  portions  of  the  anorthosite.  These  certainly  bear 
every  evidence  of  having  been  enveloped  in  an  active  magma. 
According  to  Bowen’s  hypothesis,  how  can  such  inclusions  be 
accounted  for? 

2 In  a number  of  places,  clearly  defined  inclusions  of  anorthosite 
have  been  found  in  the  syenite-granite  series.  Could  fragments  of 
the  anorthosite,  if  formed  by  the  settling  of  plagioclase  crystals, 
have  been  forced  upward  by  some  process  into  the  syenite-granite 
magma?  Is  it  not  much  more  plausible  to  regard  these  inclusions 
as  indicating  the  envelopment  of  previously  solidified  anorthosite 
in  an  active  syenite-granite  magma? 

3 Tongues  or  dikes  of  syenite  and  granite,  as  off-shoots  of  large 
masses  of  similar  rocks,  are  known  definitely  to  cut  the  anorthosite. 
Must  we  assume  that  tonguelike  masses  of  overlying  molten  syenite 
or  granite  were  forced  downward  into  the  anorthosite? 

4 In  a number  of  areas  there  is  clear  evidence  that  anorthosite 
has  not  only  cut  to  pieces,  but  also  intimately  injected,  Grenville 
gneiss.  Could  such  injection  gneisses  have  developed  except  by 
forcible  and  intimate  intrusion  of  a highly  molten  mass  into  the 
Grenville  ? 


1 These  quotations  are  from  an  abstract  of  Bowen’s  paper  in  Bui.  Geol. 
Soc.  Amer.  28:154.  1917. 

2 The  interested  reader  should  consult  Bowen’s  paper  “ The  Problem  of 
the  Anorthosites”  in  Jour.  Geol.  25:209-43,  1917,  and  the  writer’s  paper 

“Adirondack  Anorthosite”  in  Geol.  Soc.  Amer.  Bui.  29:399-462,  1918. 
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5 Certain  areas  of  mixed  gneisses  are  anorthosite  literally  cut 
to  pieces  by  syenite,  often  with  fairly  sharp  contacts  visible.  Such 
a relationship  is  anything  but  stratiform  as  conceived  by  Bowen. 

6 The  anorthosite  is  by  no  means  an  almost  perfect  homogeneous 
mass  of  plagioclase.  Most  of  the  rock  contains  from  2 to  5 per 
cent  of  minerals  other  than  plagioclase ; portions  with  5 to  10  per 
cent  are  not  uncommon ; and  sometimes  the  rock  contains  10  to  20 
per  cent,  or  even  more,  of  dark  minerals.  Such  gabbroic  facies 
exist  locally  throughout  the  anorthosite  body,  sometimes  as  narrow 
zones  or  belts.  On  the  basis  of  the  origin  of  the  anorthosite  by 
the  settling  of  plagioclase  crystals,  how  are  such  variations  to  be 
accounted  for?  Also,  since  so  much  of  the  rock  contains  very 
appreciable  amounts  of  ferro-magnesian  minerals,  is  the  mutual 
solution  theory  necessarily  precluded? 

7 Foliation,  particularly  of  the  Whiteface  anorthosite,  is  by  no 
means  rare,  and  the  writer  has  repeatedly  seen  highly  gneissoid 
facies  and  facies  with  little  or  no  foliation  in  close  proximity.  The 
writer  believes  that  the  alternations  of  gabbroic  and  nongabbroic 
facies,  and  gneissoid  and  nongneissoid  facies,  of  the  anorthosite 
are  not  results  of  regional  compression,  but  that  they  were  devel- 
oped essentially  by  forced  differential  flowage  in  a congealing 
magma.  This  matter  is  explained  at  some  length  beyond  under 
the  caption  “ Foliation.” 

Some  of  the  phenomena  above  described  might  possibly  be  har- 
monized with  Bowen’s  hypothesis  that  the  anorthosite  originated 
by  the  “ accumulation  of  plagioclase  crystals  precipitated  from 
solution  in  a mixed  magma,”  but,  taken  altogether,  the  writer 
believes  that  they  render  such  an  hypothesis  untenable. 

Relation  of  Whiteface  anorthosite  to  Marcy  anorthosite.  As 
above  stated,  it  is  often  a matter  of  judgment  as  to  where  the  bound- 
ary lines  between  the  Whiteface  and  Marcy  anorthosites  should 
be  drawn.  As  a result  of  the  field  studies,  the  best  evidence  points 
to  the  conclusion  that  the  two  types  are  merely  differentiates  of 
the  same  cooling  magma.  On  the  one  hand,  in  spite  of  many  careful 
observations  in  the  field  in  passing  from  one  type  across  to  the 
other,  no  evidence  was  obtained  to  show  that  one  type  cuts  the 
other,  while,  on  the  other  hand,  one  type  of  the  rock  grades  into 
the  other  in  many  places.  Transition  rocks  in  some  places  form 
zones  only  some  rods  in  width,  while  in  other  places  they  may  be 
one-fourth  of  a mile  across,  and  then  any  accurate  delimitation 
of  the  Whiteface  and  Marcy  types  on  the  geologic  map  is  impos- 
sible. Among  many  localities  where  intermediate  facies  are  well 
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exhibited  are  one-fourth  of  a mile  southeast  of  The  Flume;  on  the 
mountain  side  one-fourth  of  a mile  northwest  of  High  fall ; a long 
wide  belt  one-half  to  i mile  west  of  Upper  Jay;  and  along  the 
northwestern  base  of  the  Sentinel  range.  In  some  places  there  are 
locally  developed,  without  sharp  boundaries,  within  the  Marcy 
anorthosite  masses  of  rock  which  are  quite  certainly  to  be  classed 
with  the  Whiteface  type  and  vice  versa.  Only  two  such  masses  are 
represented  on  the  geologic  map,  one  on  the  Mt  Whiteface  trail 
near  Marble  mountain,  and  the  other  on  the  mountainside  ij4 
miles  east-southeast  of  Owen  pond. 

As  already  shown,  the  Marcy  and  Whiteface  types  are  very 
closely  related  in  chemical  composition,  which  strongly  supports 
the  view  that  the  two  are  differentiates  of  the  same  magma. 
In  the  writer’s  paper1  already  referred  to  evidence  is  presented 
in  support  of  the  view  that  the  whole  body  of  Adirondack  anortho- 
site is  best  to  be  regarded  as  a direct  derivative  of  a laccolithic  mass 
not  much  greater  across  than  the  area  of  its  present  outcrop ; that 
the  anorthosite  differentiated  practically  in  situ  from  an  intruded 
gabbroid  magma ; that  the  anorthosite  crystallized  from  the  upper 
or  residual  portion  of  the  magma  during  and  after  the  sinking  of 
many  of  the  femic  constituents;  and  that  the  Whiteface  anorthosite 
developed  both  as  an  outer  and  an  upper,  somewhat  more  gabbroid, 
marginal  facies  of  the  anorthosite.  Cushing2  maintains  that  the 
gabbroid  (Whiteface)  facies  developed  as  an  outer  chilled  border 
of  the  anorthosite.  His  argument  seems  so  conclusive  that  it  is 
unnecessary  to  repeat  it  here.  But,  in  this  connection,  it  should  be 
noted  that  the  borders  of  the  anorthosite  body  have  in  some  dis- 
tricts, like  the  Lake  Placid  and  the  Schroon  Lake  quadrangles,  been 
so  cut  out  or  cut  to  pieces  by  the  later  syenite-granite  intrusions 
that  the  full  original  extent  of  the  anorthosite  is  not  now  shown. 

The  writer  believes  further  that  the  chilled  gabbroid  (Whiteface) 
border  facies  also  developed  as  an  upper  limit  which  formerly 
existed  as  a cover  resting  directly  on  the  whole  great  mass  of 
anorthosite  rather  than  merely  as  an  outer  limit,  as  Cushing  suggests. 
Thus,  the  Whiteface  anorthosite  of  the  Lake  Placid  quadrangle  does 
not  exist  merely  as  a definite  fringe  around  the  outer  margin  of  the 
Marcy  anorthosite.  Typical  Whiteface  anorthosite  occurs  fully 
14  or  T5  miles  within  the  present  border  of  the  anorthosite  area, 
and  inclusions  in  the  syenite-granite  series  outside  the  general 
anorthosite  area  show  that  the  Whiteface  anorthosite  formerly 


1 Geol.  Soc.  Amer.  Bui.,  29:399-462. 

2 Jour.  Geol.,  1917,  25:506. 
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extended  at  least  a few  miles  farther  out  than  the  present  boundary. 
One  area  of  Marcy  anorthosite,  12  miles  long  within  the  Lake 
Placid  quadrangle  and  extending  an  unknown  distance  into  the 
Ausable  quadrangle,  is  flanked  on  either  side  by  Whiteface  anortho- 
site. It  is  hard  to  resist  the  suggestion  that  the  Whiteface  rock 
formerly  covered  this  whole  mass  of  Marcy  anorthosite.  There  is 
thus  a distinct  difficulty  in  the  way  of  considering  this  Whiteface 
anorthosite  merely  an  outer  border  facies.  But  if  we  do  so  regard 
this  border  facies,  we  are  forced  to  conclude  that  it  is  exceedingly 
thick  — that  is  to  say,  fully  10  or  12  miles  — the  width  of  the  area 
containing  Whiteface  anorthosite  representing  practically  the  thick- 
ness of  the  border  phase.  This  is  scarcely  possible.  If,  however, 
we  consider  the  Whiteface  anorthosite  of  the  quadrangle  to  mark 
an  upper  limit  of  the  great  anorthosite  body,  but  now  partially 
removed  by  erosion  and  partly  cut  into  by  the  syenite-granite  series, 
not  nearly  so  great  thickness  need  be  assumed.  On  this  view  a 
vertical  thickness  of  fully  3000  feet  is  actually  exposed  in  Mt 
Whiteface,  and  how  much  more  should  be  added  to  make  up  for 
the  upper  portion  removed  by  erosion  is  of  course  unknown.  Prob- 
ably little  or  none  is  to  be  added  to  the  bottom,  because  Marcy 
anorthosite  outcrops  near  the  base  of  the  mountain. 

The  anorthosite  younger  than  the  Grenville.  There  is  two- 
fold evidence  that  the  anorthosite  is  younger  than  the  Grenville 
series,  namely,  distinct  inclusions  of  Grenville  rocks  in  the  anortho- 
site, and  the  more  or  less  intimate  penetration  of  the  Grenville 
by  the  anorthosite,  particularly  by  the  Whiteface  anorthosite. 

Inclusions  of  Grenville  in  the  Marcy  anorthosite  seem  to  be 
uncommon,  having  been  noted  in  only  one  locality,  namely,  one- 
fourth  to  one-half  of  a mile  north  of  Red  rock  in  the  vicinity 
of  Keene,  where  a number  of  sharply  defined,  small  inclusions  of 
Grenville  quartz-pyroxene  gneiss  and  quartzite,  and  one  2-foot 
inclusion  of  limestone,  are  plainly  imbedded  in  the  typical  Marcy 
anorthosite.  The  writer  recalls  having  seen  a io-foot  inclusion 
of  limestone  in  anorthosite  on  the  shore  of  Long  lake  in  the  Blue 
Mountain  quadrangle  (see  Museum  Bulletin  192). 

In  the  Whiteface  anorthosite,  however,  inclusions  of  Grenville 
occur  in  many  places.  Only  a Tew  of  the  better,  more  accessible 
localities  will  be  cited.  A 20-foot  inclusion  of  nearly  white  Gren- 
ville quartz-feldspar-garnet  gneiss  clearly  shows  in  a big  ledge  just 
east  of  Keene.  Others,  including  quartzite  and  green  pyroxene 
gneiss,  occur  for  a mile  eastward  on  the  way  up  the  hill  east  of 
Keene  and  along  its  summit. 
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In  the  quarry  by  the  road  3 miles  north  of  Keene,  and  also  in 
ledges  by  or  near  the  road  one-half  to  two-thirds  of  a mile  north 
of  the  quarry,  the  Whiteface  anorthosite  contains  numerous  bunches 
or  lenses  of  Grenville,  usually  less  than  a foot  long,  as  distinct 
inclusions. 

Near  the  southeastern  end  of  the  Grenville  area  2 miles  due 
north  of  Keene,  and  also  by  the  road  in  the  mixed  gneiss  area  1 y2 
miles  southwest  of  Upper  Jay,  the  anorthosite  contains  numerous 
sharply  defined  inclusions  of  Grenville  gneiss  and  some  of  lime- 
stone. Most  of  these  are  less  than  2 or  3 feet  across. 

In  The  Flume  southwest  of  Wilmington,  and  also  in  the  mixed 
gneiss  area  2j4  to  y/2  miles  west-northwest  of  Wilmington,  por- 
tions of  the  anorthosite  contain  small  lenses  or  irregular  masses  of 
Grenville  green  pyroxene  gneiss. 

Just  west  of  the  bridge  at  Franklin  Falls  the  big  ledges  of  White- 
face  anorthosite  contain  a number  of  clearly  defined  bands  or  lenses 
of  Grenville  gneisses  from  a few  inches  wide  and  long,  to  7 or  8 
feet  wide  and  10  or  20  feet  long  (see  plate  11).  These  inclusions 
are  mostly  gray  quartz-feldspar-biotite  gneiss,  white  feldspar- 
quartz-garnet  gneiss,  and  quartzitic  gneisses. 

A big  ledge  of  Grenville  hornblende  gneiss  on  the  western  shore 
of  the  river  1 mile  south  of  Upper  Jay  is  clearly  intruded  by  a 
dike  of  Whiteface  anorthosite  20  feet  wide,  this  doubtless  being 
an  off-shoot  from  the  anorthosite  body  just  to  the  north. 

In  the  areas  of  Grenville-anorthosite  mixed  gneisses,  the  Gren- 
ville rocks  are  literally  cut  to  pieces  by,  and  often  injected  with, 
much  anorthosite,  so  that  a separate  mapping  of  the  two  forma- 
tions is  rendered  impossible.  Areas  of  this  sort  are  considered 
below. 

The  above  phenomena,  mentioned  somewhat  in  detail,  strongly 
support  the  view  that  the  anorthosite  is,  in  the  strict  sense  of  the 
term,  an  intrusive  body.  Such  evidence  is  directly  opposed  to  the 
hypothesis  of  origin  of  the  anorthosite  as  advocated  by  Bowen 
(see  above). 

The  anorthosite  older  than  the  syenite-granite  series.  That  the 

anorthosite  is  older  than  the  syenite-granite  series  (described 
beyond)  is  conclusively  proved  both  by  tongues  or  dikes  of  syenite 
and  granite  cutting  the  anorthosite,  and  by  inclusions  of  anorthosite 
in  the  syenite  and  granite.  Several  excellent  examples  of  tongues 
of  syenite  and  granite  cutting  anorthosite  have  been  discovered 
by  the  writer  within  the  quadrangle.  These  are  of  particular  inter- 
est and  importance  because  they  constitute  the  only  known  evi- 


Plate  ii 


W.  J.  Miller,  photo,  1916 

A ledge  of  Wh:teface  anorthosite  by  the  road  just  across  the  river  from 
Franklin  Falls.  The  anorthosite  contains  a long,  narrow  inclusion  of 
Grenville,  gray,  gneissoid  feldspar-quartz-garnet  gneiss.  Width  of  the  in- 
clusion, iJ/4  to  2 feet. 
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dence  of  the  sort  in  the  northern  portion  of  the  great  body  of 
anorthosite  demonstrating  that  the  syenite-granite  series  is  younger 
than  the  anorthosite.  In  fact  the  only  other  evidence  of  this  kind 
thus  far  published  is  the  important  discovery  by  Professor  Cushing 
of  dikes  of  syenite  cutting  the  western  margin  of  the  anorthosite 
in  the  Long  Lake  quadrangle.1 2 

One  mile  south  of  Morgan  pond,  on  a prominent  spur  of  Wil- 
mington mountain,  two  tongues  or  dikes  of  quartz  syenite,  clearly 
exposed  for  50  or  60  feet,  cut  through  a big  bare  ledge  of  White- 
face  anorthosite  (see  map).  The  dikes  are  from  10  to  20  feet 
vvide,  and  they  are  quite  certainly  off-shoots  from  the  considerable 
body  of  quartz  syenite  which  lies  to  the  west.  As  would  be  expected 
in  such  narrow  dikelike  masses,  the  syenite  is  somewhat  finer 
grained  than  usual,  but  otherwise  it  is  quite  normal.  No.  39  of 
table  2 gives  the  mineral  composition  of  a thin  section  from  one 
of  the  dikes.  The  dike  rock  has  weathered  moderately  to  a light 
brown.  It  is  very  slightly  gneissoid.  The  contacts  against  the 
anorthosite  are  not  perfectly  sharp  and  there  may  have  been  very 
slight  assimilation  along  the  borders. 

Along  the  brook  three-fourths  of  a mile  west  of  The  Flume,  a 
tongue  of  quite  normal  quartz  syenite  20  feet  wide  cuts  typical 
Marcy  anorthosite.  This  dike  is  an  off-shoot  from  the  considerable 
body  of  similar  syenite  extending  southwestward  (see  map). 

On  the  mountain  spur  i1/^  miles  northeast  of  the  summit  of 
Little  Whiteface  mountain,  a number  of  tongues  of  granite  cut  the 
Whiteface  anorthosite.  The  relations  are  very  clear  in  the  big 
bare  ledges.  Of  the  three  tongues  of  granite,  shown  on  the  map 
in  somewhat  exaggerated  form,  the  middle  one  is  only  20  feet  wide, 
while  the  other  two  are  some  rods  in  width.  The  dike  granite 
contains  several  per  cent  of  hornblende,  is  clearly  gneissoid,  and 
weathers  to  pink  or  brown.  South  of  the  dikes  just  mentioned, 
several  tongues  of  granitic  syenite,  none  over  2 or  3 feet  wide,  cut 
the  typical  Whiteface  anorthosite. 

Inclusions  of  Whiteface  anorthosite  in  syenite  and  granite,  fur- 
nishing decisive  evidence  that  the  syenite-granite  series  is  the 
younger,  were  observed  at  a number  of  localities.  A few  of  these 
will  be  cited.  Ledges  of  syenite  by  the  river  one-fourth  of  a mile 
east  of  High  fall  contain  inclusions  of  Whiteface  anorthosite 
arranged  parallel  to  the  foliation  of  the  syenite.  Near  the  base  of 
Little  High  fall  three-faurths  of  a mile  northeast  of  High  fall, 

1 N.  Y.  State  Mus.  Bill.  115,  p.  479-82.  1907. 
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an  8-foot  boulder  of  syenite  has  in  it  several  distinct  inclusions  of 
Whiteface  anorthosite,  these  usually  not  showing  very  sharp  con- 
tacts against  the  syenite.  On  top  of  the  hill  in  the  area  of  syenite- 
granite  and  Grenville  mixed  gneisses,  there  are  some  small  lenses 
of  Whiteface  anorthosite  in  the  syenite  parallel  to  its  foliation. 
Near  the  middle  of  the  northern  boundary  of  the  area  of  Keene 
gneiss  I J4  miles  west  of  East  Kilns,  a big  ledge  of  typical  syenite 
has  many  inclusions  of  Whiteface  anorthosite  which  are  bunches, 
lenses  or  bands  from  2 or  3 inches  to  several  yards  long.  Their 
borders  are  not  always  sharp  against  the  syenite.  This  is  one  of 
the  finest  exhibitions  of  such  phenomena  observed  by  the  writer 
within  the  quadrangle. 

In  the  area  of  Whiteface  anorthosite  and  syenite  mixed  gneisses 
from  one-half  to  2 miles  east  of  High  fall,  the  anorthosite  has  been 
much  cut  up  by  intrusions  of  syenite,  good  contacts  having  been 
noted  at  several  places,  but  neither  definite  dikes  of  syenite  nor 
inclusions  of  anorthosite  were  observed  in  this  rough-wooded  area. 

The  Syenite-granite  Series 

The  syenite-granite  series,  prominently  developed  in  the  Lake 
Placid  quadrangle,  comprises  a variable  lot  of  rocks  all  of  which, 
with  one  possible  exception,  are,  apparently,  facies  of  a single  great 
cooling  magma.  Most  common  is  a quartz  syenite  which  grades 
into  a basic  (dioritic  or  gabbroic)  facies  on  one  side,  and  through 
granitic  syenite  to  medium-grained  granite  or  coarse-grained 
(usually  porphyritic)  granite  on  the  other.  Since  such  rocks,  which 
are  very  abundant  in  the  Adirondack  region,  have  been  described 
in  detail  in  various  State  Museum  bulletins  and  in  other  publica- 
tions on  Adirondack  geology,  no  lengthy  descriptions  will  be  given 
in  this  bulletin. 

That  the  syenite-granite  series  is  younger  than  the  anorthosite 
series  has  already  been  shown  in  the  discussion  of  the  anorthosite. 

Quartz  syenite.  This  is  the  most  common  and  typical  facies 
of  the  syenite-granite  series.  It  is  known  to  occupy  approximately 
35  square  miles  in  very  irregular  areas  mostly  in  the  southern  half 
of  the  quadrangle.  In  areal  extent  it  is,  therefore,  about  the  same 
as  the  Marcy  anorthosite  but  not  so  great  as  the  Whiteface 
anorthosite. 

As  usual  in  the  Adirondacks,  this  typical  syenite  is  a medium- 
grained rock,  dark  greenish  gray  where  fresh,  and  it  weathers  to  a 
light  brown.  In  some  places  a pinkish  gray  weathering  was  noted. 
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Outcrops  seldom  show  a depth  of  weathering  greater  than  a few 
inches.  Immediate  surfaces  are  sometimes  light  gray  due  to  leach- 
ing out  of  the  iron  oxides  by  waters  rich  in  decomposing  organic 
matter. 

The  granularity  varies  considerably,  in  some  places  being  rather 
line  grained,  and  in  other  places  being  slightly  porphyritic.  Granu- 
lation of  the  rock  is  often  a notable  feature,  particularly  when 
viewed  in  thin  section  under  the  microscope.  The  feldspars  show 
the  greatest  effects  of  the  crushing  of  the  mineral  grains.  Notable 
differences  in  coarseness  of  grain  or  degree  of  granulation  are 
sometimes  very  locally  exhibited. 

The  degree  of  foliation  of  the  syenite  varies  extremely.  Very 
commonly  the  rock  clearly  displays  a streaked  or  lenticular 
gneissoid  structure  which  is  accentuated  by  the  arrangement  of 
the  dark  minerals  with  their  long  axes  parallel  to  the  foliation  as, 
for  example,  in  the  quarry  at  the  extreme  southern  end  of  Lake 
Placid.  In  other  places  it  is  excessively  gneissoid  as  near  the  road 
one-half  of  a mile  north  of  Keene  village,  on  the  mountainside  one- 
half  of  a mile  southeast  of  the  mouth  of  Styles  brook,  and  on  the 
mountain  il/2  miles  south-southeast  of  Upper  Jay.  Notable  varia- 
tions in  degree  of  foliation  are  often  very  local,  sometimes  showing 
in  single  outcrops.  The  problem  of  the  origin  of  the  foliation 
is  discussed  beyond  under  the  caption  “ Foliation.” 

The  usual  range  in  the  mineralogical  composition  of  the  normal 
quartz  syenite  of  the  quadrangle  is  well  shown  in  accompanying 
table  2.  Microperthite  is  the  most  abundant  constituent,  and  it 
occurs  with  orthoclase  in  about  one-half  of  the  slides  examined. 
Oligoclase  and  quartz  in  moderate  amounts  never  fail.  Horn- 
blende, pyroxene  and  garnet  usually  occur  in  small  amounts.  Some 
tiny  grains  or  crystals  of  magnetite,  apatite,  and  zircon  almost 
invariably  occur.  A few  other  minerals  are  sporadically  present. 


Table  2 Thin  sections  of  the  syenite-granite  series 
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Plate  12 


Photomicrographs  by  W.  J.  Miller 

Upper  left  figure.  Part  of  slice  of  coarse  granite  from  upper  end  of 
gorge  one-half  of  a mile  south  of  Keene.  All  is  sliced  (or  sheared) 
and  granulated  quartz  except  a little  scattering  ilmenite  and  microperthite. 
Polarized  light.  Magnified  23  diameters. 

Upper  right  figure.  Part  of  slice  of  syenite  from  roadside  at  southeastern 
base  of  Cobble  hill.  Diallage  crystal  almost  surrounded  with  a rim  of 
granulated  hypersthene.  Embedded  in  microperthite  and  quartz.  Ordinary 
light.  Magnified  23  diameters. 

Lower  left  figure.  Part  of  slice  of  rather  gabbroid  Whiteface  anortho- 
site from  shore  of  river  two-thirds  of  a mile  southwest  of  Copperas  pond. 
Magnetite  or  ilmenite  surrounded  with  a rim  of  granulated  garnet.  Large 
somewhat  rounded  prisms  above  and  below  are  apatite.  Large  white  areas 
are  mostly  plagioclase.  Ordinary  light.  Magnified  30  diameters. 

Lower  right  figure.  Part  of  slice  of  Keene  gneiss  from  1 mile  east- 
northeast  of  Malcom  pond.  In  the  center,  remarkable  vermicular  quartz 
intergrown  with  plag’oclase.  Ilmenite  (black)  above;  orthoclase  (gray)  on 
right ; plagioclase  below ; and  quartz  and  orthoclase  cn  left.  Polarized  light. 
Magnified  30  diameters. 
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No.  24,  from  Keene  gneiss  area  just  north  of  Keene;  no.  25,  by  the 
road  at  southeastern  base  of  Cobble  hill;  no.  27,  quarry  at  southeastern 
end  of  Lake  Placid;  no.  28,  by  the  road  one-half  of  a mile  north-northeast 
of  Keene;  no.  29,  near  the  road  one-half  of  a mile  north  of  Keene;  no. 
30,  by  the  road  one-half  of  a mile  west  of  Big  Cherrypatch  pond;  no.  33, 
by  the  road  one-third  of  a mile  west  of  Copperas  pond;  no.  36,  White- 
face  brook,  1 mile  from  the  lake;  no.  38,  il/2  miles  north-northeast  of 
Keene;  no.  39,  from  tongue  of  syenite  cutting  Whiteface  anorthosite  1 
mile  south  of  Morgan  pond;  no.  43,  1 mile  west  of  High  fall;  no.  32,  quarry 
by  the  road  five-sixths  of  a mile  north  of  Malcom  pond;  no.  40,  by  the 
river  three-fourths  of  a mile  west-southwest  of  Owen  pond;  no.  31, 
granitic  syenite  from  middle  eastern  shore  of  Buck  island  in  Lake 
Placid;  no.  47,  granite  from  the  small  area  in  Wilmington  notch;  no.  48, 
granite  from  the  gorge  at  High  fall  of  Ausable  river;  no.  46,  granite 
porphyry  from  side  of  new  road  one-half  of  a mile  southwest  of  Franklin 
Falls;  no.  49,  granite  porphyry  from  the  gorge  one-half  of  a mile  south 
of  Keene. 

There  is  no  evidence  that  the  syenite  cuts  the  granite  of  the 
quadrangle,  or  vice  versa,  but  a gradation  from  one  into  the  other 
seems  to  be  clearly  shown  in  many  places  as,  for  example,  on 
Catamount  mountain  ridge,  on  Wilmington  mountain,  and  on  the 
southern  slope  of  Mt  Whiteface.  In  a few  cases  the  change  from 
syenite  to  granite  occurs  within  such  short  distances  that  the  inter- 
mediate granitic  syenite  can  not  be  mapped.  Proof  that  the  syenite 
is  younger  than  the  anorthosite  has  already  been  given. 

As  usual  in  the  Adirondacks,  this  syenite  is  definitely  known  to 
be  younger  than  the  Grenville  series.  In  certain  localities  the 
syenite  contains  masses  of  Grenville  rocks  as  inclusions,  this  being 
particularly  true  near  its  borders  with  the  Grenville.  Such 
inclusions  are  nearly  always  arranged  with  their  long  axes  parallel 
to  the  foliation  of  the  syenite.  Some  of  these  inclusions  are  to 
be  measured  in  inches,  others  in  yards  or  rods,  and  still  others  are 
large  enough  to  be  separately  indicated  on  the  geologic  map.  Good 
examples  of  small  inclusions  may  be  observed  on  Cobble  hill  (east 
of  Lake  Placid  village),  and  in  Styles  brook  on  the  western  border 
of  the  Grenville  area.  Some  of  the  areas  of  mixed  gneisses  show 
Grenville  rocks  all  cut  to  pieces  by,  and  intimately  associated  with, 
syenite  as,  for  example,  2 miles  north-northeast  of  Keene,  and  1 
mile  northeast  of  Keene. 

Basic  phase  of  the  syenite.  But  one  nia'ss  of  rock  of  this  kind 
has  been  separately  represented  on  the  accompanying  geologic  map. 
It  lies  in  the  valley  of  West  Branch  Ausable  river  east  of  Connery 
pond.  The  area  is  1^4  miles  long,  with  a maximum  width  of  nearly 
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one-half  of  a mile.  The  origin  and  relations  of  this  rock  are  not 
clear  to  the  writer. 

The  main  bulk  of  the  rock  is  decidedly  like  the  syenite  in  appear- 
ance, being  medium  grained  nonporphyritic,  moderately  to  very 
gneissoid,  greenish  gray  where  fresh,  and  weathering  to  brown.  In 
the  small  quarry  by  the  road  near  the  southern  end  of  the  area,  this 
type  of  rock  is  finely  exposed.  No.  32  of  table  2 represents  a thin 
section  of  rock  from  the  quarry.  No.  40,  which  represents  a thin 
section  of  similar  rock  from  the  shore  of  the  river  iy$  miles 
farther  north,  is  exceptional  in  being  pinkish  gray,  probably  due 
to  weathering.  Compared  with  the  normal  syenite,  the  average 
amount  of  plagioclase  in  this  so-called  basic  phase  of  the  syenite 
is  seen  to  be  higher.  Thus  the  rock  is  more  basic,  being  more  like 
diorite  than  syenite.  In  every  other  way,  however,  the  rock  shows 
strong  syenitic  affinities. 

Whether  this  so-called  basic  phase  of  the  syenite  is  merely  a 
differentiation  phase  of  the  adjacent  normal  syenite,  or  is  a product 
of  assimilation  of  some  anorthosite  by  the  syenite  magma,  the  writer 
can  not  say.  Its  situation  between  the  Keene  gneiss  (below 
described)  and  syenite  strongly  suggests  the  latter  possibility.  If 
the  rock  is  an  assimilation  product  it  may  be  regarded  as  a sort 
of  nonporphyritic  outer  zone  of  the  Keene  gneiss  where  the  latter 
shades  off  into  the  normal  syenite.  In  the  field  the  relation  of  the 
rock  to  the  Keene  gneiss  could  not  be  positively  determined  because 
of  lack  of  exposures  along  the  border.  Very  similar  rocks,  usually 
regarded  as  basic  differentiation  phases  of  the  normal  syenite,  are, 
however,  known  from  various  parts  of  the  Adirondacks. 

Granitic  syenite.  This  rock  is  clearly  intermediate  between 
the  normal  quartz  syenite  and  the  granite  or  granite  porphyry.  It 
is  an  acidic  facies  of  the  syenite  in  which  the  quartz  content  is 
about  20  to  25  per  cent.  Since  nothing  like  sharp  boundaries  exist, 
this  percentage  of  quartz  is  only  approximately  represented  in  the 
twelve  areas  indicated  on  the  geologic  map.  These  areas,  well 
scattered  over  the  quadrangle,  do  not  occupy  more  than  5 or  6 
square  miles.  The  rock  is  in  every  way  much  like  the  normal  quartz 
syenite  except  for  higher  quartz  content  and  frequent  tendency  to 
weather  pink  or  pinkish  gray. 

On  the  eastern  shore  of  Buck  island  in  Lake  Placid,  where  the 
pegmatite  dikes  cut  the  granitic  syenite,  the  latter  contains  as  much 
as  1 per  cent  of  graphite  in  small  flakes  (see  no.  31  of  table  2). 
Since  this  granitic  syenite  is  here  closely  associated  with  small 


Plate  13 


Photograph  loaned  by  J.  D.  Washer,  keeper  of  High  fall  and  gorge 

Looking  upstream  through  the  lower  portion  of  the  gorge  of  the  West 
branch,  Ausable  river  below  High  fall.  The  rock  is  pink  granite  intersected 
by  dikes  of  diabase. 
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amounts  of  dark  Grenville  gneiss,  it  seems  probable  that  the  gran- 
itic syenite  magma  took  up  the  graphite  from  the  Grenville. 

A fine  big  ledge,  known  as  Pulpit  rock,  on  the  eastern  shore 
of  Lake  Placid  contains  some  inclusions  of  Grenville. 

The  hill  just  east  of  Connery  pond  is  mostly  a great  barren  ledge 
of  quite  homogeneous  granitic  syenite. 

Granitic  syenite  as  a transition  rock  between  syenite  and  granite 
is  well  exhibited  on  the  southern  side  of  Mt  Whiteface,  and  also 
on  Catamount  mountain  ridge. 

Granite.  As  already  stated,  this  rock  is,  so  far  as  could  be 
determined,  an  acidic  differentiation  phase  of  the  normal  quartz 
syenite.  Rather  arbitrarily,  when  a rock  of  the  syenite-granite 
series  contains  more  than  25  per  cent  of  quartz  it  is  classed  as 
granite.  In  a few  instances  the  transition  from  syenite  to  granite 
takes  place  within  too  short  a distance  to  permit  mapping  of  the 
intermediate  granitic  syenite.  Like  the  normal  syenite,  the  granite 
is  more  or  less  clearly  gneissoid,  medium  grained,  and  often  con- 
siderably granulated.  It  is,  however,  nearly  always  pink  or  pinkish 
gray  instead  of  greenish  gray  like  the  syenite.  The  mineralogical 
compositions  of  two  typical  granites  are  shown  by  nos.  47  and 
48  of  table  2. 

Ten  areas  of  this  granite  appear  on  the  accompanying  geologic 
map.  Altogether  they  occupy  only  8 or  9 square  miles,  and  they 
are  confined  to  the  western  half  of  the  quadrangle. 

The  wide  belt  of  granite  on  the  southern  side  of  Mt  White- 
face  is  very  typical  medium  to  moderately  coarse  grained,  pink 
to  red,  and  distinctly  gneissoid.  Transition  through  granitic  syenite 
to  syenite  is  well  shown,  but  on  the  north  it  appears  to  come  sharply 
against  the  Whiteface  anorthosite.  A number  of  tongues  of  the 
granite  sharply  cut  the  Whiteface  anorthosite  at  the  eastern  end, 
as  already  explained  (see  map). 

At  High  fall  and  in  the  gorge  just  below  the  granite  is  pinkish, 
medium  to  moderately  coarse  grained,  and  very  gneissoid. 

I he  granite  of  the  southern  end  of  Wilmington  mountain  grades 
through  granitic  syenite  into  syenite. 

About  Silver  lake,  and  also  just  west  of  Still  brook,  the  granite 
clearly  grades  into  the  coarse  granite  porphyry. 

Several  outcrops  of  granite  south-southwest  of  Woodruff  fall, 
and  also  1 mile  southwest  of  Mai  com  pond,  contain  small,  distinct 
inclusions  of  Grenville  hornblende  gneiss  as  lenses  or  irregular 
masses  mostly  parallel  to  the  foliation  of  the  granite. 
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Granite  porphyry.  A 'badly  of  coarse,  usually  porphyritic, 
granite  occupies  about  25  square  miles  of  the  northern  portion  of 
the  quadrangle.  Feldspar  crystals  nearly  always  range  in  length 
from  one-fourth  to  1 inch,  and  usually  these  stand  out  conspicu- 
ously as  phenocrysts.  Quartz  individuals  are  often  one-fourth  to 
three-fourths  of  an  inch  long.  Dark  minerals  seldom  make  up  more 
than  10  or  12  per  cent  of  the  rock. 

Most  of  the  granite  porphyry  is  more  or  less  gneissoid,  but  locally 
there  are  considerable  bodies  of  the  rock  which  are  practically 
devoid  of  foliation  and  not  much  granulated.  Such  nonfoliated 
rocks  occur  in  big  exposures  on  the  hills  in  several  square  miles 
of  the  northwestern  corner  of  the  map  area,  on  Fremont  hill,  and 
on  the  two  hills  respectively  2 and  3 miles  east  of  Fremont  hill. 
At  the  other  extreme  mere  are  considerable  developments  of  highly 
gneissoid  coarse  granite  and  granite  porphyry.  In  these  facies 
the  feldspars  are  generally  highly  granulated,  with  the  larger  ones 
more  or  less  flattened  out  into  lenselike  eyes  or  so-called  “ augen.” 
The  quartz  crystals  in  these  very  gneissoid  phases  are  remarkably 
flattened  out  into  thin  lenses,  sometimes  nearly  an  inch  long.  Fine 
examples  of  flattened  quartz  may  be  seen  in  the  ledges  from  one- 
half  to  1 mile  southwest  of  Franklin  Falls,  ij4  miles  north  of 
Woodruff  fall,  and  three-fourths  of  a mile  north-northwest  of  West 
Kilns.  The  flattened  quartz  crystals  are  always  arranged  with  long 
axes  parallel  to  the  foliation.  In  some  localities  the  degree  of 
foliation  varies  greatly  within  small  areas.  Thus,  on  the  hillock 
i*4  miles  southeast  of  Fremont  hill,  nonfoliated,  moderately  foli- 
ated, and  highly  foliated  coarse  granites  are  associated.  Similar 
variations  in  foliation  occur  on  the  hilltop  1 mile  east  of  the  south 
end  of  Silver  lake. 

The  coarse  granite  very  commonly  weathers  to  a pink  or  pinkish 
gray,  and  more  seldom  to  light  brown.  Fresh  rock  was  obtained 
in  but  few  localities  as,  for  example,  from  a ledge  recently  blasted 
open  by  the  roadside  one-half  of  a mile  southwest  of  Franklin 
Falls.  Such  rock  is  greenish  gray.  Whether  or  not  much,  if  any, 
of  the  fresh  granite  is  pink  could  not  be  determined. 

The  mineralogical  composition  of  the  granite  porphyry  is  well 
illustrated  by  no.  46  of  table  2,  which  represents  a thin  section 
of  the  typical,  fresh,  very  gneissoid  rock  with  large  granulated 
“ augen  ” of  feldspar  and  highly  flattened  quartz  individuals.  This 
rock  differs  from  the  granite  porphyries  described  by  the  writer 
from  the  central  and  southern  Adirondacks  by  the  absence  of  micro- 
cline,  though  possibly  this  mineral  does  occur  in  other  portions  of 


Plate  14 


W.  J.  Miller,  photo,  1916 

Looking  down  the  gorge  of  the  W est  branch,  Ausable  river  from  the  foot- 
bridge just  below  High  fall.  The  rock  is  pink  granite  intersected  by  several 
dikes  of  diabase  parallel  to  the  course  of  the  stream. 
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the  large  area  of  granite  porphyry.  Hornblende  appears  to  be  a 
constant  constituent,  while  pyroxene  often  fails.  No.  49  of  table  2 
is  from  the  small  area  of  mixed  rock  in  the  gorge  one-half  of  a mile 
south  of  Keene. 

Like  the  other  members  of  the  syenite-granite  series,  inclusions 
of  Grenville  gneiss  sometimes  occur  in  this  coarse  granite  as,  for 
instance,  on  Catamount  mountain,  and  on  top  of  the  hill  1 mile 
east  of  the  south  end  of  Silver  lake. 

It  seems  very  clear,  as  a result  of  both  field  and  laboratory 
studies,  that  the  granite  and  granite  porphyry  are  both  only  facies 
of  a single  great  cooling  magma.  The  perfect  gradations  from 
syenite  through  granitic  syenite  to  granite  and  granite  porphyry 
strongly  support  the  view  that  the  members  of  the  syenite-granite 
series  (except  possibly  the  basic  phase  of  the  syenite)  are  differ- 
entiation products  of  a single  great  cooling  magma.  Possibly  some 
of  the  granite  may  be  distinctly  older  or  younger  than  the  syenite 
but,  except  for  the  small  granitic  dikes  below  described,  no  such 
rock  could  be  proved  to  be  present. 

Granite,  Aplite,  and  Pegmatite  Dikes 

The  various  acidic  dikes  which  have  been  definitely  located  are 
represented  on  the  geologic  map  (each  dike  by  a number)  there 
being  twenty-one  in  all.  There  must  be  many  others  concealed 
under  glacial  drift,  or  hidden  in  the  woods,  or  not  discovered  where 
actually  outcropping.  In  some  cases  the  age  relations  are  not 
altogether  clear. 

Granite  dikes.  At  dike  localities  1 and  2 there  are  several  pink 
granite  dikes  cutting  anorthosite.  No.  3 is  a dike  of  pink  granite 
75  feet  long  cutting  Whiteface  anorthosite,  but  not  with  very 
sharply  defined  contacts.  No.  4 is  a dike  4 feet  wide  clearly  cut- 
ting Grenville  gneiss.  Dike  no.  11  is  pink  granite  cutting  Marcv 
anorthosite.  At  locality  no.  12  several  dikelike  masses  of  granite 
are  involved  with  syenite  and  Whiteface  anorthosite. 

Most  of  these  dikes  may  be  merely  off-shoots  from  the  great 
syenite-granite  intrusive  body,  but  some  may  possibly  be  consider- 
ably later  in  age. 

Aplite  dikes.  Interesting  dikes  of  aplite  were  observed.  At 
no.  9,  in  the  bed  of  the  river  east  of  Copperas  pond,  a dike  of  pink 
aplite,  with  several  small  tongues,  clearly  cuts  a gabbroic,  very 
gneissoid  facies  of  the  Whiteface  anorthosite.  A thin  section  of 
this  aplite  shows  20  per  cent  orthoclase,  20  per  cent  microperthite, 
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15  per  cent  albite,  44  per  cent  quartz,  1 per  cent  magnetite,  and  a 
little  zircon.  The  rock  is  moderately  gneissoid  and  variable  in 
grain  from  medium  to  coarse.  Possibly  it  is  an  acidic  off-shoot 
from  the  neighboring  syenite. 

On  the  southern  side  of  the  top  of  Catamount  mountain,  a num- 
ber of  small  nonfoliated  aplite  dikes  lie  parallel  to  the  foliation  of 
the  coarse  granite.  Whether  these  are  younger  or  older  than  the 
neighboring  gabbro-diorite  dikes  was  not  definitely  determined,  but 
the  aplites  are  probably  the  older. 

At  number  17,  1 mile  west  of  East  Kilns,  a fine  aplite  dike  3 
feet  wide  cuts  a big  ledge  of  coarse  granite.  A thin  section  shows 
the  following  mineral  percentages : Microperthite,  58 ; microcline, 
1 ; albite,  5 ; quartz,  35 ; biotite,  1 ; and  very  little  garnet,  apatite 
and  zircon.  The  rock  is  not  gneissoid.  The  fact  that  the  contact 
against  the  granite  is  not  very  sharp  strongly  suggests  that  the 
aplite  was  intruded  while  the  granite  was  still  fairly  hot. 

At  dike  locality  no.  18  several  small  aplite  dikes  cut  granite. 

Granite-pegmatite  dikes.  Nos.  5,  6,  7,  8,  10,  13,  14  and  16,  indi- 
cated on  the  geologic  map,  are  pegmatite  dikes  of  the  usual  sort. 
They  are  nonfoliated  and  cut  the  Grenville,  anorthosite,  and  syenite- 
granite  series.  No.  8 lies  in  contact  with  a diabase  dike,  and  these 
two  clearly  cut  syenite.  No.  16  is  a pegmatite  dike  3 feet  wide 
very  sharply  cutting  across  the  foliation  of  one  of  the  gabbro- 
diorite  dikes  below  described.  Within  the  Lake  Placid  quadrangle 
no  pegmatite  was  observed  cutting  the  gabbro  stocks  (below 
described),  but  in  various  portions  of  the  Adirondacks  dikes  of 
such  have  been  found  to  be  intrusive  into  the  gabbro.  It  is  quite 
possible  that  these  pegmatite  dikes  are  not  all  of  the  same  age,  but 
all  are  doubtless  younger  than  the  syenite-granite  series,  most  of 
them  probably  representing  a late  stage  in  the  intrusion  and  cooling 
of  the  syenite-granite  magma. 

Syenite-pegmatite  dikes.  A much  more  unusual  type  of  pegma- 
tite dike  was  noted  at  several  localities,  namely,  near  Franklin  Falls 
(d’ke  no.  19)  ; iy2  miles  south  of  Wilmington  (dike  no.  20)  ; and 
1 mile  southwest  of  Haselton  (dike  no.  21).  These  are  very  coarse- 
grained rocks  consisting  chiefly  of  irregular  masses  of  microperthite 
and  black  hornblende  (or  pyroxene)  up  to  several  inches  across. 
No  quartz  occurs.  Dike  no.  19  is  2 feet  wide,  cuts  Whiteface  anor- 
thosite, and  contains  masses  of  magnetite  1 or  2 inches  across.  The 
contact  against  the  country  rock  is  not  sharp.  At  no.  20  a number 
of  pegmatite  dikes  from  1 to  several  feet  wide  cut  Marcy  anor- 
thosite usually  without  sharp  contacts. 
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These  dikes  consist  almost  wholly  of  microperthite  and  horn- 
blende in  large  masses.  It  seems  very  clear  that  the  pegmatites  of 
this  sort  were  intruded  very  soon  after  the  intrusion  of  the  anortho- 
site and  that  they  are,  therefore,  distinctly  older  than  the  ordinary 
granite-pegmatites  above  described. 

Keene  Gneiss 

General  statements.  One  of  the  most  interesting  rocks  of  the 
quadrangle  is  locally  developed  as  belts  or  irregular  bodies  along 
portions  of  the  borders  between  the  anorthosite  and  syenite-granite. 
Both  the  Marcy  and  the  Whiteface  types  of  anorthosite  show  such 
border  rocks.  There  is  very  strong  evidence,  based  upon  field  work 
and  a study  of  thin  sections,  that  this  is  really  a transition  rock 
between  the  anorthosite  and  the  syenite  or  granite  due  to  actual 
digestion  or  assimilation  of  anorthosite  along  its  border  by  the 
invading  syenite-granite  magma.  It  is  here  proposed  that  this  rock 
be  called  the  Keene  gneiss  because  a fine  exposure  of  the  typical 
fresh  rock  occurs  by  the  road  at  the  northern  edge  of  the  village 
of  Keene.  In  view  of  the  fact  that  many  geologists  maintain  that 
there  are  no  definitely  proved  cases  of  magmatic  assimilation  on 
considerable  scales  at  least,  the  evidence  furnished  by  these  rocks 
of  the  Lake  Placid  quadrangle  has  been  very  carefully  considered 
by  the  writer  who  is  convinced  that  actual  assimilation  has  taken 
place.  In  other  words,  the  Keene  gneiss  seems  to  be  quite  cer- 
tainly a good  example  of  a “ hybrid  ” rock,  to  use  the  term  sug- 
gested by  Harker,  the  English  geologist,  who  has  maintained  that 
such  rocks  have  been  produced  either  by  the  mixing  of  two  distinct 
magmas,  or  by  the  assimilation  of  solid  rock  by  magmas.  Fifteen 
areas  of  Keene  gneiss  are  represented  on  the  geologic  map  which 
accompanies  this  bulletin.  Others  probably  exist  but  were  not 
located  owing  to  scarcity  of  outcrops  or  roughness  of  country  in 
some  places. 

The  typical  Keene  gneiss  presents  a different  appearance  from 
any  of  the  other  rocks  of  the  region,  and  it  is  usually  readily  recog- 
nizable. The  main  body  of  the  typical  rock  is  medium  grained, 
gneissoid,  notably  granulated,  and  looks  much  like  a rather  basic 
phase  of  syenite,  but  it  contains  scattering  phenocrysts  of  bluish 
gray  labradorite  up  to  an  inch  in  length.  These  phenocrysts,  which 
are  rounded  and  usually  elongated  parallel  to  the  foliation  of  the 
rock,  doubtless  represent  cores  of  crystals  which  survived  the 
process  of  granulation.  Locally  the  phenocrysts  of  labradorite  are 
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absent  or  only  sparingly  present,  ledges  of  such  rock  being  very 
difficult  to  distinguish  from  a)  basic  phase  of  syenite.  Under  the 
microscope,  however,  the  distinction  may  generally  be  made. 
Where  fresh  the  rock  is  greenish  gray,  and  it  weathers'  to  brown. 

The  mineralogical  compositions  of  selected  samples  of  various 
phases  of  the  rock  are  shown  in  table  3.  Labradorite  and  andesine 
are  always  present,  and  oligoclase  usually.  Microperthite  occurs 
in  most  of  the  specimens  in  varying  amounts  up  to  30  per  cent, 
and  orthoclase  in  most  specimens  in  varying  amounts  to  over  50 
per  cent.  A little  quartz  is  generally  present.  All  the  thin  sections 
examined  show  greenish  gray  monoclinic  pyroxene,  sometimes 
diallage.  A little  green  hornblende  nearly  always  occurs  up  to  14 
per  cent.  Garnet  varies  from  none  to  12  per  cent.  Ilmenite  (or 
magnetite)  up  to  a few  per  cent  never  fails.  Apatite  and  pyrite 
in  small  amounts  always  occur.  N.  LI.  Bowen,  in  a recent  paper,1 
states  that  he  has  observed,  in  the  transition  rock  from  anorthosite 
to  syenite,  inclusions  of  potash  feldspar  which  are  small  patches, 
uniformly  oriented,  and,  in  some  cases,  surrounded  by  areas  of 
plagioclase  differing  from  the  crystal  as  a whole.  A few  slight 
suggestions  of  this  sort  of  thing  were  noted  by  the  writer,  but 
certainly  this  is  not  a characteristic  feature  of  the  Keene  gneiss 
thin  sections  examined. 


Table  3 Thin  sections  of  Keene  gneiss 
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No.  3,  1 mile  east-northeast  of  Malcomi  pond;  no.  10,  1 mile  a little 
south  of  west  of  High  fall;  no.  11,  one-half  of  a mile  south  of  the  summit 
of  Catamount  mountain;  no.  12,  one-half  of  a mile  north  of  Franklin 
Falls;  no.  41,  in  the  brook  i?4  miles  due  west  of  East  Kilns;  nos.  42 
and  45,  by  the  main  road  at  northern  edge  of  the  village  of  Keene. 
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Areas  in  the  vicinity  of  Keene  village.  The  type  locality  of 
the  Keene  gneiss  is  a ledge  by  the  side  of  the  state  road  at  the  north- 
ern edge  of  the  village  of  Keene  where  an  excellent  opportunity  is 
afforded  for  the  study  of  the  rock  and  its  relations  to  both  anor- 
thosite and  syenite.  All  three  of  these  rocks  show  as  unweathered 
material  in  this  one  ledge  which  has  been  recently  blasted  open. 
The  anorthosite,  which  occurs  in  minor  amount,  is  the  typical 
Marcy  facies  consisting  mostly  of  dark,  bluish  gray  labradorite  up 
to  an  inch  across  embedded  in  some  granulated  feldspar,  and 
associated  with  io  to  20  per  cent  of  ferro-magnesian  minerals. 
The  syenite  is  quite  normal  in  every  respect  except  that  it  is  a 
little  finer  grained  than  usual.  No.  24  of  table  2 gives  its  mineral 
content.  Most  of  the  rock  of  the  ledge,  however,  is  clearly  an 
assimilation  product  of  syenite  and  anorthosite.  This  assimila- 
tion rock  (Keene  gneiss)  exhibits  at  least  three  distinguishable 
facies.  One  of  these  is  highly  gneissoid  with  elongate  cores  of 
labradorite  crystals  as  phenocrysts  up  to  an  inch  long  arranged 
parallel  to  a distinct  foliation.  Its  mineral  content  is  given  as  no. 
42  of  table  3.  A second  facies  is  only  faintly  gneissoid,  with  labra- 
dorite phenocrysts  only  roughly  parallel  to  the  foliation.  Its  com- 
position is  given  as  no.  45  of  table  3,  the  presence  of  orthoclase 
and  a greater  amount  of  microperthite  making  this  rock  much  more 
syenitic  than  the  first  facies.  In  the  two  facies  just  described,  the 
phenocrysts  of  labradorite  not  only  finely  exhibit  polysynthetic 
twinning,  but  they  are  also  perfectly  twinned  according  to  the 
albite  law,  thus  giving  the  freshly  broken  surface  a striking  appear- 
ance. Both  of  the  facies  are  notably  granulated,  and  the  rounded 
phenocrysts  are  the  uncrushed  portions  of  what  were  once  still 
larger  crystals.  A third  facies,  in  minor  quantity,  is  nonfoliated 
and  contains  no  labradorite  phenocrysts,  but  it  does  contain  a few 
rounded  red  garnets  up  to  an  inch  across.  This  third  facies  is 
the  most  syenitic  of  the  three. 

All  three  facies  just  described  grade  into  one  another  and  they 
are  quite  certainly  only  differentiates  of  a single  cooling  magma. 
Also  it  is  important  to  note  that  the  Keene  gneiss  is  not-  sharply 
separated  from  the  true  syenite  on  one  hand,  and  the  true  anortho- 
site on  the  other,  but  rather  by  narrow  transition  zones.  All  three 
facies  of  the  Keene  gneiss  are  certainly  intermediate  in  composi- 
tion between  the  syenite  and  anorthosite,  the  first  one  described 
having  decided  anorthosite  affinities,  the  third  having  decided 
syenite  affinities,  and  the  second  being  very  clearly  intermediate 
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between  the  syenite  and  anorthosite.  The  conclusion,  therefore, 
based  upon  the  field  relations  and  composition  of  the  rocks  is  that 
we  have  here  a true  magmatic  assimilation  product,  the  invading 
syenite  magma  having  actually  incorporated  and  assimilated  more 
or  less  of  the  anorthosite  material.  The  close  juxtaposition  of  sye- 
nite and  Keene  gneiss  may  be  reasonably  explained  if  we  consider 
the  syenite  to  have  been  an  intrusion  as  an  off-shoot  of  the  great 
body  of  syenite  magma  into  previously  formed  and  cooling  (or 
possibly  solidified)  Keene  gneiss  magma,  the  temperature  then 
having  been  high  enough  only  to  permit  fusion  along  a narrow 
border  zone  between  the  intruded  and  intrusive  masses,  thus 
accounting  for  the  narrow  transition  zone  between  the  two  in  the 
ledge.  The  foliation  of  the  Keene  gneiss  is  quite  certainly  an  orig- 
inal structure  due  to  magmatic  flowage  under  pressure,  and  accord- 
ingly the  marked  differences  in  degree  of  foliation  within  this  one 
outcrop  are  regarded  as  the  result  of  differential  magmatic  flowage 
according  to  the  principles  explained  beyond  under  the  caption 
“ Foliation.” 

Professor  Kemp  has  informed  the  writer  that  rock  similar  to 
that  just  described  was  formerly  visible  in  outcrop  at  the  present 
sawmill  site  in  Keene  village,  and  the  area  of  Keene  gneiss  is 
accordingly  extended  that  far  south  on  the  geologic  map. 

The  little  area  one-half  of  a mile  east  of  Keene  shows  a variable 
lot  of  rocks,  some  being  apparently  Whiteface  anorthosite,  some 
rich  in  black  minerals  and  garnet,  and  much  containing  large  bluish 
gray  labradorites  in  a very  syenitic  looking,  crudely  gneissoid, 
brownish-weathered  rock  like  the  typical  Keene  gneiss  above 
described  except  for  its  brown  weathering. 

Oak  ridge  shows  fine  big  exposures  of  a rock  which,  in  the  field, 
would  be  taken  for  a rather  basic  phase  of  syenite  except  for  the 
large  scattering  bluish  gray  labradorites.  It  is,  without  doubt,  a 
large  scale  mass  of  the  Keene  gneiss. 

Good  outcrops  of  typical  Keene  gneiss  also  occur  in  the  small 
areas  respectively  i mile  northeast ; 2 miles  west-northwest ; and 
4^2  miles  west  of  the  village  of  Keene. 

Areas  near  Upper  Jay.  In  the  area  of  over  one-half  of  a square 
mile  just  east  of  Upper  Jay,  there  are  many  very  good  exposures, 
certain  of  them  of  particular  interest  because  they  throw  important 
light  upon  the  origin  and  relations  of  the  Keene  gneiss.  Near  the 
top  of  the  hill  at  the  northeastern  border  of  the  area,  Whiteface 
anorthosite  and  syenite  in  big  exposures  are  separated  by  a zone, 
a few  feet  wide,  of  basic  syenitelike  rock  with  scattering  bluish 
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gray  labradorites.  This  is  very  clearly  a transition  zone  of  typical 
Keene  gneiss  produced  by  the  assimilation  of  Whiteface  anortho- 
site by  syenite  magma.  On  the  little  hill  just  south  of  the  center 
of  the  area,  several  outcrops  of  quite  typical  Keene  gneiss  contain 
bands  or  lenslike  inclusions  of  Whiteface  anorthosite,  the  Keene 
gneiss  magma,  moving  from  a lower  level  where  it  was  formed, 
evidently  having  penetrated  or  caught  up  inclusions  of  unchanged 
Whiteface  anorthosite  at  the  higher  level.  The  Keene  gneiss  here 
contains  many  tiny  red  garnets,  and  the  labradorite  phenocrysts 
are  very  conspicuous  on  the  weathered  surfaces. 

A little  area,  shown  on  the  map  miles  west  of  Upper  Jay, 
is  thought  to  be  Keene  gneiss,  but  the  matrix  of  this  rock  is  finer 
grained  and  more  gneissoid  than  usual. 

Sentinel  range  area.  This  long,  narrow  area  extends  east-west 
across  the  middle  of  the  Sentinel  range.  It  is  about  4 miles  long 
and  nowhere  over  one-fourth  of  a mile  wide.  It  is  all  in  a rough, 
densely  wooded  country,  but  a good  many  outcrops  make  the 
mapping  fairly  satisfactory.  Perhaps  the  most  instructive  ledges 
are  on  the  little  hill  1 mile  northeast  of  Malcom  pond.  The  top  of 
this  hill  is  quite  typical  Marcy  anorthosite.  On  the  southern  side 
the  rocks  are  variable,  being  mostly  fine  to  medium  grained, 
gneissoid  and  gabbroic  in  appearance  with  some  closely  involved 
basic  syenitelike  rock  containing  a few  small,  scattering  labradorite 
phenocrysts,  this  latter  being  presumably  Keene  gneiss.  Near  the 
top  of  the  hill,  on  the  west  side,  the  rock  is  coarser  grained  with 
few  dark  minerals,  and  this  appears  to  be  quite  like  typical  Keene 
gneiss.  All  the  types  mentioned  grade  into  one  another. 

On  the  hillside  one-half  of  a mile  southeast  of  the  hill  just 
described,  there  are  outcrops  of  a moderately  coarse-grained, 
rather  gabbroic  rock  with  some  labradorite  phenocrysts.  Its 
mineralogical  composition,  given  as  no.  3 of  table  3,  shows  that  it 
should  be  classed  as  Keene  gneiss  with  strong  anorthosite  affinities. 

Good  exposures  of  Keene  gneiss  may  be  seen  in  other  portions 
of  the  areas  mapped,  particularly  for  a mile  eastward  from  the 
summit  of  Sentinel  range,  where  the  typical  rock  forms  a wide 
transition  zone  between  the  Marcy  anorthosite  on  the  north  and 
the  quartz  syenite  on  the  south. 

Sunrise  notch  area.  This,  the  largest  area  of  Keene  gneiss 
within  the  quadrangle,  is  about  3V2  miles  long  and  from  one-half 
to  two-thirds  of  a mile  wide.  It  is  a rock  distinctly  intermediate 
between  Whiteface  anorthosite  and  syenite.  Most  of  the  outcrops 
are  quite  typical  Keene  gneiss,  though  usually  not  strongly  foliated. 
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It  is  generally  medium  grained  with  scattering  labradorite  pheno- 
crysts,  and  weathered  brown. 

A locality  of  special  interest  is  a cliff  on  the  southern  border  of 
the  area  three-fourths  of  a mile  east  of  the  summit  of  Sunrise 
notch.  Most  of  this  rock  is  very  gneissoid  and  only  moderately 
gabbroic  Whiteface  anorthosite,  a little  finer  grained  than  usual. 
Its  mineral  content  is  given  as  no.  20  of  table  1.  Within  this  rock 
there  is  a wide  band  of  fine-grained,  very  gneissoid,  gray  rock  with 
a reddish  tinge  due  to  numerous  tiny  garnets.  The  composition  of 
this  local  band,  given  as  no.  10  of  table  3,  causes  it  to  be  classed 
with  the  Keene  gneiss,  the  high  content  of  microperthite  and  ortho- 
clase  showing  it  to  have  strong  syenite  affinities.  Its  contact 
against  the  anorthosite  is  not  very  sharp.  Evidently  a dike  or 
tongue  of  the  Keene  gneiss  magma  here  intruded  the  Whiteface 
anorthosite  near  its  border,  and  the  temperature  was  high  enough 
to  cause  fusion  of  the  anorthosite  walls  of  the  dike  or  tongue. 

The  small  area  of  Whiteface  anorthosite  one-third  of  a mile 
north  of  the  locality  just  described,  presumably  represents  a body 
of  anorthosite  which  failed  to  become  assimilated  by  the  syenite 
magma. 

Area  west  of  East  Kilns.  This  area,  between  1 and  2 miles 
west  of  East  Kilns,  shows  certain  interesting  and  important  fea- 
tures. Much  of  the  rock,  whose  composition  is  given  as  no.  41  of 
table  3,  has  strong  syenite  affinities  because  of  its  high  orthoclase 
content. 

Near  the  middle  of  the  northern  boundary,  syenite  contains 
Whiteface  anorthosite  inclusions  as  bunches,  lenses  and  bands 
from  2 or  3 inches  to  several  yards  long,  the  boundaries  of  the 
inclusions  usually  not  being  very  sharp.  Evidently  very  little 
assimilation  of  the  anorthosite  took  place  here. 

Along  the  northwestern  side  several  ledges  are  very  gabbroic  in 
appearance,  in  some  places  very  gneissoid  and  in  others  not. 
Locally  there  is  intimately  associated  syenite  and  Whiteface  anor- 
thosite. Apparently  these  ledges  show  the  effects  of  partial  diges- 
tion or  assimilation  of  anorthosite  by  the  syenite  magma. 

Along  the  main  brook,  for  one-fourth  of  a mile  after  it  enters 
the  area,  there  are  good  exposures  of  homogeneous,  scarcely  gneis- 
soid Keene  gneiss,  with  the  phenocrysts  of  labradorite  not  so  large 
as  usual.  This  rock,  whose  composition  is  given  as  no.  41  of 
table  3,  has  strong  syenite  affinities  because  of  its  high  ortho- 
clase content.  In  this  portion  of  the  area,  syenite  magma  quite 
certainly  completely  assimilated  more  or  less  anorthosite. 
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The  little  hill  in  the  eastern  portion  of  the  area  consists  of  rather 
mixed  rocks,  but  it  is  mostly  Keene  gneiss  with  large  labradorites. 
At  one  place  fairly  coarse  granite  is  intimately  associated  with 
gabbroic  Whiteface  anorthosite  with  local  development  of  what 
appears  to  be  an  assimilation  product  of  the  two  containing  some 
quartz.  Small  masses  of  Grenville  gneiss  are  also  commonly 
involved  with  the  rocks  of  this  hill. 

Other  areas.  The  narrow  band  of  Keene  gneiss  at  the  southern 
base  of  Catamount  mountain  contains  large  labradorites  but  it  is 
scarcely  gneissoid.  No.  n of  table  3 gives  its  mineral  content. 

In  the  small  area  one-half  of  a mile  north  of  Franklin  Falls,  a 
medium-grained,  rather  gabbroic,  gneissoid  rock,  without  pheno- 
crysts,  has  the  composition  of  Keene  gneiss  as  shown  by  no.  12  of 
table  3.  This  rock  grades  into  gabbroic  Whiteface  anorthosite,  but 
its  relation  to  the  nearby  granite  could  not  be  determined. 

The  area  just  north  of  Owen  pond  shows  big  ledges  of  homo- 
geneous, typical  Keene  gneiss. 

The  small  area  1^2  miles  south-southeast  of  The  Flume  shows 
Keene  gneiss  closely  associated  with  much  syenite  and  some  White- 
face  anorthosite. 

Significance  of  the  distribution  of  the  Keene  gneiss.  That  the 
Keene  gneiss  is  actually  an  assimilation  product  of  the  fusion  and 
digestion  of  anorthosite  by  syenite  or  granite  magma  is  regarded 
as  proved  by  the  evidence  above  presented.  But  such  rock  is  not 
universally  present  as  a transition  or  border  rock  between  anor- 
thosite and  syenite  or  granite.  For  instance,  the  long  boundaries 
between  the  Whiteface  anorthosite  and  granite  of  Mt  Whiteface, 
and  between  the  Whiteface  anorthosite  and  syenite  from  the 
southern  side  of  Mt  Whiteface  to  west  of  Knapp  hill,  were  crossed 
at  many  places  without  noting  any  rock  like  the  Keene  gneiss.  As 
seen  on  the  map,  other  areas  also  show  an  absence  of  Keene  gneiss 
as  a border  rock.  It  is  possible  that  some  masses  of  Keene  gneiss 
may  have  been  overlooked  in  the  rough,  densely  wooded  country, 
or  that  some  may  exist  under  cover  of  glacial  and  postglacial 
deposits,  but,  in  view  of  the  detailed  survey,  it  is  certain  that  any 
such  masses  of  Keene  gneiss  are  relatively  small.  How  is  this 
difference  in  distribution  of  the  Keene  gneiss  to  be  accounted  for? 
Also  why  do  the  borders  between  the  Grenville  and  syenite-granite 
series,  as  well  as  in  the  mixed  gneiss  areas  of  Grenville  and  syenite- 
granite,  show  little  or  no  evidence  of  magmatic  assimilation?  The 
writer  believes  that  the  answer  to  these  questions  may  be  found  in 
the  temperature  relations  of  the  rocks  at  the  time  of  the  intrusion 
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of  the  syenite-granite  series.  If  we  consider  that  the  great  mass  of 
anorthosite  was  still  at  a relatively  high  temperature,  though  not 
necessarily  molten,  at  the  time  of  the  syenite-granite  intrusion,  it 
would  have  been  only  necessary  for  the  syenite-granite  magma  to 
have  raised  the  temperature  of  the  borders  of  the  intruded  anor- 
thosite comparatively  little  to  have  effected  actual  assimilation. 

The  tongues  of  syenite  cutting  Whiteface  anorthosite  on  Wil- 
mington mountain,  and  the  tongues  of  granite  cutting  Whiteface 
anorthosite  on  Mt  Whiteface  (described  on  page  33),  furnish 
important  evidence  in  support  of  this  view,  because  these  tongues 
or  dikes,  instead  of  being  in  real  sharp  contact  with  the  anortho- 
site, show  very  narrow  transition  zones  due  to  slight  fusion  of  the 
anorthosite.  Now,  it  does  not  seem  at  all  probable  that  even  small 
amounts  of  relatively  cold  anorthosite  could  have  been  fused  and 
assimilated  by  such  small  masses  of  intrusive  magma,  but  with  the 
anorthosite  at  a high  temperature,  though  not  really  molten,  its 
borders  might  very  conceivably  have  been  fused.  Thus,  if  we  make 
the  very  simple  and  plausible  assumption  that  the  anorthosite  was  still 
very  hot  (though  not  necessarily  molten)  when  the  syenite-granite 
magma  was  intruded,  or,  in  other  words,  that  this  latter  magma  was 
forced  up  comparatively  soon  after  that  of  the  anorthosite,  the 
usual  strong  objection  to  magmatic  assimilation,  namely,  that  a 
magma  does  not  possess  a sufficiently  high  temperature  to  raise 
relatively  cold  country  rock  to  the  point  of  fusion,  is  distinctly 
obviated. 

Where  no  Keene  gneiss  occurs  along  the  borders,  it  may  be 
plausibly  conceived  that  either  the  anorthosite,  or  the  syenite- 
granite,  or  both,  may  not  have  been  hot  enough  to  permit  assimila- 
tion. Also,  in  harmony  with  this  hypothesis,  the  failure  to  find  any 
considerable  assimilation  of  Grenville  either  along  its  borders  with, 
or  where  involved  with,  the  syenite-granite  series  may  be  explained 
on  the  basis  of  a temperature  of  the  Grenville  too  low  to  have  per- 
mitted any  more  than  comparatively  slight  assimilation  by  the 
invading  syenite-granite  magma.  It  should  be  borne  in  mind,  how- 
ever, as  pointed  out  in  a recent  paper  by  the  writer,  that  local 
assimilation  of  Grenville  was  not  uncommon  in  the  Adirondack 
region.1  h i 1 ;f  j 

In  the  mixed  rock  areas  near  the  center  of  the  quadrangle,  where 
anorthosite  has  been  cut  to  pieces  by  intrusions  of  syenite,  the  few 
contacts  observed  are  not  very  sharp.  Apparently,  in  these  areas 
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either  the  syenite  magma  or  the  anorthosite,  or  both,  were  not  hot 
enough,  or  the  syenite  was  not  in  sufficient  bulk,  to  effect  more 
than  slight  fusion  of  the  immediate  borders  of  the  invaded  anor- 
thosite. 

Another  important  fact  is  that,  in  the  field,  the  Keene  gneiss  by 
no  means  universally  forms  a narrow  zone  or  belt  with  syenite- 
granite  directly  adjacent  on  one  side  and  anorthosite  on  the  other. 
A fine  case  in  point  is  the  eastern  part  of  the  Sunrise  notch  area 
where  the  Keene  gneiss  for  1 y2  miles  lies  between  granitic  syenite 
on  one  side  and  syenite  on  the  other.  A different  case  is  the  Oak 
ridge  area  which  is  bordered  on  the  south  by  Whiteface  anortho- 
site, and  on  the  north  by  Grenville,  Marcy  anorthosite  and  syenite. 
How  can  areas  of  this  sort  possibly  be  explained  by  Bowen’s 
hypothesis,  which  assumes  that  the  anorthosite  was  never  an  active 
magma  but  that  it  was  formed  by  sinking  of  plagioclase  crystals 
with  the  development  of  a transition  rock  (called  Keene  gneiss  in 
this  bulletin)  occupying  a position  distinctly  intermediate  between 
the  syenite-granite  and  the  anorthosite?  Is  it  not  much  more  in 
harmony  with  the  field  relations  to  conceive  that  Keene  gneiss 
magma  was  produced  by  assimilation  at  a lower  level  and  then 
rose  to  invade  previously  formed  Grenville  and  anorthosite,  or 
moved  upward  flanked  on  either  side  by  syenite  or  granite?  Also 
are  not  elliptical  areas  like  those  just  east  of  Upper  Jay  and  Ij4 
miles  west  of  East  Kilns  much  more  satisfactorily  accounted  for 
by  the  latter  hypothesis  than  by  Bowen’s  hypothesis?  Again,  do 
not  the  inclusions  of  anorthosite  in  the  Keene  gneiss  (see  above 
descriptions)  strongly  support  the  writer’s  view  that  the  Keene 
gneiss,  in  some  places  at  least,  moved  upward  as  a true  magma? 

Finally,  it  should  be  noted  that  the  Keene  gneiss  accompanies 
both  the  Marcy  and  the  Whiteface  types  of  anorthosite,  being  about 
as  common  with  one  as  with  the  other.  Within  the  Lake  Placid 
quadrangle,  then,  the  temperature  relations  between  the  syenite- 
granite  and  Marcy  anorthosite  on  the  one  hand,  and  the  Whiteface 
anorthosite  on  the  other,  do  not  seem  to  have  been  notably  different 
during  the  syenite-granite  intrusion.  The  presence  or  absence  of 
the  Keene  gneiss  appears  to  be  irrespective  of  whether  the  syenite- 
granite  borders  the  Marcy  or  the  Whiteface  anorthosite. 

Comparison  with  Cushing’s  southwestern  Franklin  county 
basic  syenite.  In  Cushing’s  report  on  the  geology  of  the  Long 
Lake  quadrangle,  he  describes  a basic  phase  of  the  syenite  which 
grades  into  a rather  fine-grained,  even  granular,  gneissoid  rock  with 
few  feldspar  phenocrysts,  and  dark  minerals  often  equaling  or 
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exceeding  the  feldspar  in  quantity.  Some  of  the  feldspar  is  micro- 
perthite  and  some  oligoclase-andesine.  “ The  most  of  the  basic 
syenite,  and  all  of  the  more  gabbroic  of  it,  is  in  close  association 
with  the  anorthosite  border.  . . . Now  the  syenite  is  unques- 

tionably younger  than  the  anorthosite,  and  the  observed  relations 
seem  to  point  to  the  conclusion  that  the  change  (in  the  syenite)  is 
due  to  the  actual  digestion,  by  the  molten  syenite,  of  material  from 
the  (anorthosite)  gabbro.”1  The  Keene  gneiss  of  the  Lake  Placid 
region  differs  in  being  coarser  grained,  distinctly  porphyritic,  and 
not  so  rich  in  dark  minerals,  but  both  Cushing’s  basic  syenite  and 
the  Keene  gneiss  are  intermediate  in  position  and  composition 
between  the  anorthosite  and  the  syenite-granite  series  in  their 
respective  regions,  and  the  writer  believes  that  Cushing’s  suggested 
explanation  is  the  correct  one. 

Another  rock,  earlier  described  by  Cushing2  from  a railroad  cut 
nearly  5 miles  north  of  Tupper  Lake  Junction,  is  regarded  by  him 
as  intermediate  between  the  syenite  and  the  anorthosite.  Judging 
by  the  description,  this  rock  is,  in  almost  all  respects,  similar  to  the 
typical  Keene  gneiss  except  that  the  labradorite  phenocrysts  are 
not  so  large.  This  work  of  Cushing,  therefore,  strongly  supports 
the  idea  that  the  Keene  gneiss  is  a magmatic  assimilation  product. 

Mixed  Rocks 

Grenville  or  amphibolite  and  Whiteface  anorthosite  mixed 
gneisses.  Under  this  caption  there  are  described  several  areas  in 
which  Grenville  rocks  and  probably  some  ortho^amphibolite  have 
been  cut  to  pieces  by,  and  are  more  or  less  intimately  associated 
with,  the  Whiteface  type  of  anorthosite.  In  some  places  the  Gren- 
ville or  amphibolite  predominates,  and  in  others  the  anorthosite,  but 
the  two  rocks  are  too  closely  associated  to  be  satisfactorily  separated 
on  the  geologic  map.  During  the  writer’s  recent  survey  of  the  Lyon 
Mountain  quadrangle  next  to  the  north  much  gabbro-amphibolite 
older  than  the  syenite-granite  and  probably  older  than  the  anorthosite 
was  encountered.  Quite  likely  then  at  least  some  of  the  amphibolite 
of  the  Lake  Placid  quadrangle  is  to  be  placed  in  the  same  category. 

The  largest  area,  over  3 miles  long,  lies  between  Keene  and 
Upper  Jay.  It  is  traversed  by  the  East  Branch  Ausable  river.  For 
most  part,  the  rocks  of  this  area  are  Grenville  hornblende  gneiss 


1 N.  Y.  State  Mus.  Bui.  115,  p.  479.  1907. 

2 N.  Y.  State  Mus.  Rep’t  54,  i:r43  and  r68.  1902. 
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and  pyroxene  gneiss  which  have  been  cut  to  pieces  by  intrusions  of 
Whiteface  anorthosite,  the  Grenville  and  the  anorthosite  nearly 
always  being  clearly  recognizable  as  such.  Very  distinct  small 
inclusions  of  Grenville  gneiss  in  the  anorthosite  were  noted  in 
various  ledges,  particularly  along  the  road  between  i and  2 miles 
south  of  Upper  Jay;  by  the  road  i)4  miles  southwest  of  Upper 
Jay;  and  2)4  miles  due  north  of  Keene  in  the  western  corner  of  the 
large  area. 

Another  type  of  mixed  gneiss  from  the  above-mentioned  area  is 
of  particular  interest.  This  rock  shows  in  good  outcrops  west  of 
the  river  between  2 and  3 miles  north  of  Keene;  in  the  quarry  by 
the  road  3)4  miles  north  of  Keene ; and  by,  or  close  to,  the  road 
between  one-half  and  three-fourths  of  a mile  north  of  the  quarry 
(see  map).  The  best  place  to  study  this  rock  is  in  and  around  the 
quarry.  In  the  quarry  the  rocks  are  Grenville  hornblende  and 
pyroxene  gneisses,  more  or  less  intimately  involved  with  White- 
face  anorthosite.  Much  of  the  rock  is  a true  injection  gneiss,  the 
Grenville  gneiss  having  been  so  intimately  penetrated  by  the  anor- 
thosite magma  that  the  small  hornblende  and  pyroxene  crystals 
were  mostly  separated  from  each  other  and  enveloped  in  the  molten 
mass  parallel  to  the  magmatic  currents,  thus  giving  to  the  resulting 
gray,  medium-grained  rock  a clearly  defined  foliation.  Some  por- 
tions of  this  rock  are  richer  in  dark  minerals  than  others,  and  some 
portions  show  lenselike  masses  or  bunches  of  dark  minerals  as  dis- 
tinct inclusions  1 or  2 inches  long  which  were  enveloped  in  the 
magma  without  being  broken  up.  This  rock  contains  occasional 
light  bluish  gray  labradorite  crystals  up  to  an  inch  in  length,  and 
numerous  tiny  grains  of  titanite.  A thin  section  of  this  injection 
gneiss  reveals  the  following  mineral  percentages : andesine  to  labra- 
dorite feldspar,  58;  green  monoclinic  pyroxene,  30;  green  horn- 
blende, 10;  titanite,  1 )4  ; biotite  in  tiny  flakes,  J4  ; and  very  little 
zircon.  Another  slide  is  similar,  but  it  has  several  per  cent  of 
quartz  in  one  narrow  band.  Locally,  where  the  anorthosite  greatly 
predominates,  the  rock  is  much  coarser  grained  and  the  dark 
minerals  are  more  irregularly  arranged  so  that  the  foliation  is  not 
so  pronounced.  It  is  very  evident  that  Grenville  gneiss  has  here 
been  more  or  less  intimately  injected  by  Whiteface  anorthosite 
magma,  but  there  is  no  indication  whatever  of  actual  digestion  or 
assimilation  of  the  Grenville  by  the  magma,  the  crystals  and  frag- 
ments of  the  Grenville  always  showing  sharp  contacts  against  the 
enveloping  anorthosite. 
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In  the  small  area  one-half  of  a mile  east  of  Keene,  the  Grenville 
gneiss  occurs  as  bands  or  inclusions  in  the  anorthosite. 

The  area  2 miles  long  on  the  southern  end  of  Wilmington  moun- 
tain shows  mostly  Whiteface  anorthosite,  but  nearly  every  outcrop 
contains  so  many  inclusions  of  Grenville,  chiefly  green  pyroxene 
gneiss,  that  it  has  seemed  advisable  to  map  this  as  an  area  of  mixed 
rocks.  Injection  gneisses  like  those  just  described  above  were  not 
noted.  The  small  area  just  to  the  north  contains  similar  rock. 

Along  the  road  just  east  of  Franklin  Falls  there  are  some  instruc- 
tive ledges  of  Grenville  and  Whiteface  anorthosite  mixed  gneisses. 
One  phase  of  this  rock  is  white,  medium-grained  Whiteface  anor- 
thosite (practically  all  andesine  to  labradorite)  containing  approxi- 
mately 20  per  cent  of  irregular  lenslike  masses  and  bunches  of  dark 
monoclinic  pyroxene  crystals,  these  masses  ranging  in  size  from 
mere  specks  to  an  inch  or  two  long  and  roughly  parallel,  causing 
the  rock  to  have  a crude  foliated  structure.  A thin  section  shows  a 
little  ilmenite  and  apatite.  Closely  associated  with  this  rock  is  a 
true  injection  gneiss  which  is  gray,  medium  grained  and  clearly 
foliated.  In  thin  section  it  reveals  the  following  mineral  percent- 
ages : andesine  to  labradorite,  82 ; hornblende,  9 ; green  and  color- 
less monoclinic  pyroxene,  7^4  ; biotite,  1 ; and  ilmenite,  ^4.  Still 
another  phase  of  the  rock  from  the  same  ledge  is  very  similar  in 
mineral  composition  to  the  last  phase  described,  but  it  is  finer 
grained  and  contains  several  per  cent  of  pale-red  garnets  in  small, 
scattering  grains.  It  is  very  evident  that  this  rock,  with  its  several 
facies,  is  a border  phase  of  the  considerable  body  of  Grenville  just 
to  the  east  (see  map)  where  it  has  been  penetrated  more  or  less 
intimately  by  the  Whiteface  anorthosite  magma. 

The  small  area  bordering  the  Grenville  one-half  of  a mile  north 
of  Franklin  Falls  has  a big  ledge  of  gray,  medium-grained,  well- 
foliated  injection  gneiss,  similar  to  those  above  described,  with 
scattering  light  bluish  gray  labradorites  up  to  nearly  an  inch  long. 

By  the  road  ij4  miles  north-northeast  of  Franklin  Falls  a 
single  outcrop  exhibits  streaks  and  narrow  bands  of  Grenville  rusty 
biotite  gneiss  closely  involved  with  Whiteface  anorthosite  parallel 
to  the  foliation  of  both. 

At  the  edge  of  the  quadrangle  just  east  of  Silver  lake  good 
exposures  show  dark  Grenville  gneisses  all  shot  through  by  White- 
face  anorthosite. 

Along  the  border  between  the  Whiteface  anorthosite  and  dark 
Grenville  gneiss  east  of  the  gabbro  at  the  southern  base  of  Cata- 
mount mountain,  the  anorthosite  contains  streaks  and  bands  of  the 


Plate  15 


D.  W.  Johnson,  photo,  1916 

View  in  the  upper  end  of  the  gorge  of  the  East  branch  of  the  Ausable  river,  one-half  of 
a mile  south  of  Keene,  Looking  eastward.  The  rock  is  mostly  Whiteface  anorthosite  cut  by 
granite.  Crossed  hammers  lie  upon  the  dike  of  diabase. 
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Grenville  due  to  cutting  to  pieces  of  the  Grenville  by  the  anor- 
thosite magma  along  the  border.  This  rock  is  not  separately  repre- 
sented on  the  geologic  map. 

In  the  area  of  Whiteface  anorthosite  along  the  river  west  of 
Malcom  pond  several  ledges  exhibit  Grenville  closely  involved  with 
the  anorthosite. 

Grenville  or  amphibolite  and  syenite-granite  mixed  gneisses. 

In  five  areas  shown  on  the  map,  the  Grenville  or  amphibolite  and 
syenite  or  granite  are  so  closely  associated  that  the  delimitation  of 
these  rocks  was  not  found  to  be  practicable. 

The  area  bordering  Lake  Placid  on  the  east  shows,  along  the  lake 
shore,  some  ledges  of  pink  granitic  syenite  with  many  long,  narrow 
inclusions  of  dark  hornblende  gneiss  roughly  parallel  to  the  foliation. 
Toward  the  interior  of  the  area,  there  are  some  outcrops  of  nearly 
pure  granite  syenite,  and  others  which  are  very  gneissoid,  rather 
basic  looking,  almost  banded  syenitic  rocks  which  have  resulted 
from  more  or  less  fusion  of  layers  of  dark  gneiss  by  the  syenitic 
or  granitic  magma.  In  some  of  these  ledges  there  exist  rather 
well-defined  bands  or  layers  of  dark  gneiss  not  over  a foot  thick 
where  fusion  has  not  been  so  effective. 

At  the  map  edge  southwest  of  Keene,  the  area  of  mixed  gneiss 
seems  to  show  a predominance  of  syenite,  but  there  are  a good 
many  outcrops  of  light  and  dark- gray  Grenville  gneisses.  In  some 
exposures  the  syenite  and  Grenville  are  rather  closely  associated, 
but,  as  a rule,  the  relationships  of  the  rocks  are  not  well  exhibited. 

One  mile  northeast  of  Keene  the  small  area  of  mixed  gneisses 
well  exhibits  intimately  associated  Grenville  light  and  dark  gneisses 
and  syenite.  Streaks  and  bands  of  Grenville  are  in  some  places 
more  or  less  fused  in. 

In  the  area  2 miles  a little  west  of  north  of  Keene,  syenite  pre- 
dominates, but  considerable  quantities  of  Grenville  are  involved 
with  it,  often  having  been  more  or  less  fused  in.  On  top  of  the  hill 
there  seems  to  be  a little  Whiteface  anorthosite  as  bands  or  inclu- 
sions parallel  to  foliation  of  the  syenite. 

The  whole  hill  north  of  Cranberry  pond  is  a mixture  of  fine  to 
medium-grained,  gneissoid,  pink  granite  and  hornblende  gneiss, 
sometimes  one  and  sometimes  the  other  predominating.  The  horn- 
blende gneiss  (or  amphibolite)  occurs  as  bands  in  the  granite  par- 
allel to  the  foliation.  This  dark  gneiss  is  either  Grenville  or  meta- 
gabbro,  probably  the  latter. 

Whiteface  anorthosite  and  syenite-granite  mixed  gneisses. 
Four  areas  of  mixed  rocks  of  this  sort  are  shown  on  the  geologic 
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map.  They  represent  masses  of  Whiteface  anorthosite  which  have 
been  more  or  less  shot  through,  and  cut  to  pieces,  by  syenite  or 
granite.  Individual  outcrops  within  these  areas  are  usually  either 
good  anorthosite  or  good  syenite  or  granite,  but  they  are  too  much 
involved  to  be  separately  mapped. 

The  largest  area,  extending  from  I to  3 miles  east  of  Wilmington 
notch,  is  quite  typical.  There  are  many  outcrops  of  clearly  recog- 
nizable Whiteface  anorthosite  and  of  syenite  with  contacts  visible 
at  several  places.  Such  contacts  as,  for  example,  on  the  ridge  at 
the  northwestern  border  of  the  area,  are  usually  not  perfectly  sharp 
as  though  some  fusion  of  the  anorthosite  by  the  syenite  magma  took 
place  along  the  immediate  borders  between  the  two  rocks.  Actual 
fusion  on  a considerable  scale  did  take  place  on  the  eastern  side  of 
the  area  as  shown  by  the  small  body  of  assimilation  rock  (Keene 
gneiss)  on  the  map.  This  whole  area  is  a fine  illustration  of  a 
mass  (about  iy2  square  miles)  of  Whiteface  anorthosite  cut 
through  by  many  intrusions  * of  syenite  of  considerable  size,  but 
where  apparently  the  temperature  of  one  or  the  other,  or  both,  of 
the  rocks  was  not  high  enough  to  permit  more  than  slight  fusion  of 
the  anorthosite  along  the  contacts. 

The  long,  narrow  area  traversed  by  the  river  between  High  fall 
and  The  Flume  contains  a number  of  interesting  exposures  along 
the  river.  The  Whiteface  anorthosite  has  been  badly  cut  through 
by  intrusions  of  syenite,  such  phenomena  being  well  exhibited  in 
ledges  by  the  river  within  one-third  of  a mile  east  of  High  fall. 
Small  inclusions  of  Whiteface  anorthosite  in  the  syenite  and  par- 
allel to  its  foliation  occur  in  a ledge  by  the  river  one-half  of  a mile 
southwest  of  The  Flume.  An  8- foot  boulder  of  syenite  near  the 
base  of  Little  High  fall,  one-third  of  a mile  east  of  High  fall,  con- 
tains several  distinct  inclusions  of  Whiteface  anorthosite  without 
very  sharp  contacts  against  the  syenite. 

The  little  area  near  the  eastern  end  of  Wilmington  notch  con- 
tains mostly  good  syenite  with  considerable  Whiteface  anortho- 
site as  bandlike  inclusions  through  it. 

In  the  g'orge  of  the  river  one-half  of  a mile  south  of  Keene,  there 
are  excellent  outcrops  of  Whiteface  anorthosite  cut  by  a consider- 
able mass  of  coarse,  rather  porphyritic  granite,  with  small  tongues 
of  the  granite  extending  into  the  anorthosite.  The  anorthosite  is 
the  quite  normal  Whiteface  type  and  clearly  gneissoid.  The  granite 
is  pinkish  brown,  gneissoid,  and  medium  grained  with  scattering 
phenocrysts  of  feldspar.  Much  of  the  mixed  rock  here  is  badly 
broken  up  due  to  crushing  in  a fault  zone  (see  plate  21).  These 


Plate  1 6 


W.  J.  Miller,  photo,  1915 

The  gorge  of  the  East  branch,  Ausable  river,  one-third  of  a mile  south  of  Keene. 
Looking  south  upstream.  The  rock  is  mostly  Whiteface  anorthosite. 
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crushed  rocks  are  notably  granulated,  and  in  thin  section  the 
crushed  granite  shows  very  interesting  examples  of  sliced  and 
granulated  quartz  (see  plate  12). 

Gabbro-diorite  Dikes 

These  very  interesting  dikes  show  considerable  variation  in 
mineralogical  composition,  but  all  of  them  may  be  classed  as  ortho- 
clase  gabbro-diorites.  No  rocks  of  this  sort  have  ever  been 
observed  by  the  writer  elsewhere  in  the  Adirondack  region.  Alto- 
gether ten  or  twelve  dikes  were  found,  eight  or  nine  on  Catamount 
mountain,  and  two  on  the  mountain  il/2  miles  north-northeast  of 
East  Kilns.  These  dikes  are  certainly  younger  than  the  coarse 
granite  of  the  syenite-granite  series,  and  older  than  the  diabase, 
and  some,  at  least,  of  the  pegmatite,  dikes.  Whether  they  are  older 
or  younger  than  the  gabbro  stocks  could  not  be  determined. 

Five  or  six  of  these  dikes  at  or  near  the  summit  of  Catamount 
very  clearly  cut  the  great  bare  ledges  of  granite  for  distances  up  to 
one-fourth  of  a mile.  They  vary  in  width  from  2 to  30  feet,  those 
toward  the  very  summit  all  being  over  20  feet  wide.  The  strike  of 
the  dikes  is  roughly  parallel  to  the  foliation  of  the  granite  but  it 
varies  from  N io°  E to  N 50°  E,  the  latter  being  the  strike  of  the 
large  dike  which  lies  just  below  the  summit  and  reaches  one-fourth 
of  the  way  down  the  mountain.  The  dikes  are  badly  weathered 
(much  more  so  than  the  granite)  to  brownish  gray,  so  it  is  impos- 
sible to  obtain  good  specimens  of  fresh  rock.  Contacts  against  the 
granite  are  rather  sharp,  and  the  dikes  stand  in  practically  vertical 
position.  Two  wide  dikes  just  below  the  summit  are  weathered 
and  eroded  out  leaving  clear-cut  trenches  in  the  granite,  these 
trenches  being  visible  from  the  base  of  the  mountain.  All  the  rock 
is  somewhat  gneissoid,  but  the  larger  dikes  are  usually  clearly  finer 
grained  and  more  gneissoid  to  almost  schistoid  at  the  borders.  The 
most  common  facies  of  the  dike  rock  is  fine  to  medium  even  grained 
with  mineralogical  composition  shown  by  no.  57  of  table  4.  Another 
facies  is  almost  medium,  even  grained,  and  looks  something  like  a 
basic  phase  of  the  syenite.  Its  mineral  content  is  given  as  no.  56 
of  table  4.  Least  common  is  a fine-grained  facies  with  scattering- 
flakes  of  biotite  each  several  millimeters  across.  Its  mineral  con- 
tent is  shown  by  no.  59  of  table  4.  As  already  stated,  it  was  not 
positively  determined  whether  the  small  aplite  dikes  in  the  immedi- 
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ate  vicinity  are  younger  or  older  than  the  gabbro-diorite  dikes  but, 
since  the  aplites  are  more  strictly  parallel  to  the  foliation  of  the 
granite  and  not  so  sharply  separated  from  it,  it  is  probable  that 
they  are  the  older.  Since  the  granite  is  only  moderately  foliated 
and  the  aplite  not  at  all,  it  seems  evident  that  the  foliation  of  the 
gabbro-diorite  dikes,  especially  near  the  borders,  is  the  result  of 
magmatic  flowage  rather  than  of  regional  pressure. 

At  the  top  of  the  ridge  one-half  of  a mile  northeast  of  the  summit 
of  Catamount  mountain,  there  are  three  more  of  the  gabbro-diorite 
dikes.  The  middle  one  is  fully  40  feet  wide  and  distinctly  gneis- 
soid.  All  three  strike  about  N 20°  E.  A diabase  dike  3*4  feet 
wide,  and  a pegmatite  dike  3 feet  wide,  each  cuts  obliquely  across 
the  largest  of  the  gabbro-diorite  dikes. 

On  the  mountain  ij4  miles  north-northwest  of  East  Kilns,  two 
more  gabbro-diorite  dikes,  presumably  of  the  same  age  as  those 
above  described,  show  good  contacts  against  the  coarse  granite. 
Each  dike  is  about  one-third  of  a mile  long.  The  larger  one  is 
fully  100  yards  wide,  and  the  other  is  much  narrower,  being 
reduced  to  a width  of  only  1 foot  at  the  western  end  where  it 
very  sharply  cuts  the  granite.  Fresh  rock  from  the  larger  dike  is 
dark  greenish  gray,  and  it  weathers  to  a brownish  gray.  It  is  fine 
to  medium  grained  and  moderately  gneissoid.  It  looks  very  much 
like  a very  basic  facies  of  syenite,  but  its  high  content  of  albite 
and  pyroxene  (see  no.  58  of  table  4)  makes  it  distinctly  different. 
It  differs  from  the  Catamount  gabbro-diorite  by  its  high  percentage 
of  monoclinic  pyroxene. 


Table  4.  Thin  sections  of  gabbro-diorite 
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Nos.  56,  59  and  57,  from  the  top  of  Catamount  mountain;  no.  58,  from 
top  of  mountain  1 y2  miles  north-northwest  of  East  Kilns. 


Plate  17 


D W.  Johnson,  photo,  1916 

Whiteface  anorthosite  and  granite  mixed  gneisses  in  the  bed  of  the  East  branch,  Ausable  river,  one-half  of  a mile 

south  of  Keene.  Looking  southeast. 
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Gabbro  and  Metagabbro 

Seven  gabbro  masses  are  represented  on  the  accompanying  geo- 
logic map.  These  are  in  most  respects  quite  like  the  usual  gabbro 
of  this  age  throughout  the  Adirondacks.  A rather  full  account  of 
the  typical  gabbro  is  given  in  the  writer’s  State  Museum  report  on 
“ The  Geology  of  the  North  Creek  Quadrangle.”  Most  of  the  gab- 
bro masses  of  the  Lake  Placid  quadrangle  appear  to  occur  as  true 
stocks  rather  than  as  dikes.  No  tongues  or  branches  from  them 
were  observed  to  extend  into  the  country  rocks.  The  stocks  all 
have  rounded  or  elliptical  ground  plans,  and  range  in  size  from 
one-eighth  of  a mile  across  to  i mile  across.  Most  of  the  gabbro 
bodies  are  certainly  intrusive  into,  and  therefore,  younger  than,  the 
syenite-granite  series,  but,  judging  by  experience  in  the  Lyon  Moun- 
tain quadrangle  some  may  be  older  than  the  syenite-granite.  They 
are  clearly  older  than  the  diabase  dikes.  Whether  they  are  older  or 
younger  than  the  gabbro-diorite  dikes  above  described  could  not  be 
positively  determined,  but  they  are  probably  younger. 

The  gabbro  bodies  nearly  all  consist  of  nongneissoid  interior 
facies  with  more  or  less  well-developed  diabasic  texture,  and  very 
gneissoid  (amphibolitic)  border  facies  without  diabasic  texture. 
The  nongneissoid  diabasic  textured  gabbro  is  generally  easily  dis- 
tinguished from  the  other  Adirondack  rocks,  but  the  amphibolitic 
border  facies  often  greatly  resemble  certain  of  the  Grenville  horn- 
blende gneisses. 

The  fresh  rock  is  dark  gray,  which,  on  weathering  changes  to 
deep  brown.  Most  of  the  rock  is  medium  grained.  About  equal 
amounts  of  plagioclase  (chiefly  labradorite)  and  dark  minerals 
make  up  the  main  bulk  of  the  rock.  Portions  or  all  of  the  labra- 
dorite crystals  are  often  filled  with  tiny  dark  specks  of  some 
unknown  mineral  arranged  parallel  to  the  twinning  bands.  Most 
prominent  of  the  dark  minerals  are  monoclinic  pyroxene,  hyper- 
sthene  and  hornblende.  Garnet  seldom  fails,  and  it  often  consti- 
tutes io  or  15  per  cent  of  the  rock.  The  pyroxene  and  garnet  are 
commonly  much  granulated,  the  crushed  garnet  generally  either 
forming  rims  around  feldspar  or  granulated  pyroxene,  or  borders 
between  feldspar  and  granulated  pyroxene.  Olivine  occurs  in  at 
least  two  of  the  masses,  this  mineral  being  rather  uncommon  in 
Adirondack  gabbros.  Slide  52  of  table  5 shows  olivine  with  suc- 
cessive rims  of  granulated  hypersthene,  feldspar  and  garnet  (see 
lower  right  figure  of  plate  18).  Table  5 gives  the  mineralogical 
compositions  of  several  typical  gabbro  bodies. 
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Table  5 Thin  sections  of  gabbro 


| Slide  no. 

Field  no.  | 

Plagioclase 

Monoclinic 

pyroxene 

Diallage 

Hypersthene 

Olivine 

Hornblende 

Biotite 

Garnet 

Ilmenite  or 

magnetite 

| Pyrite 

Apatite 

Zircon 

26 

53 

54 

52 

55 

5 c 1 
4 c 9 
4 c 3 
4 m 2 
14  S 2 

Ol.-Lab.  50 
An  .-Lab.  so 
An  .-Lab.  50 
An  .-Lab.  50 
Lab.  50 

3 

12 

5 

20 

10 

5 

20 

12 

13 

17 

' 8 
1 

24 
15 

25 

1 

7 

little 

little 

i 

4 

1 

10 

14 

10 

1 

i 

1} 

1 

little 

little 

little 

little 

i 

little 

little 

Nos.  26,  53  and  54,  from  Pulpit  mountain  gabbro  mass;  no.  52,  from 
southern  side  of  gabbro  2J/2  miles  south-southeast  of  Upper  Jay;  no.  55, 
from  gabbro  at  southern  base  of  Catamount  mountain. 


Most  of  the  Pulpit  mountain  gabbro  mass  is  gneissoid,  only  a 
relatively  small  portion  of  the  interior  being  nonfoliated  and  with 
a diabasic  texture.  Nos.  26,  53  and  54  of  table  5 are  from  this 
stock. 

The  largest  body,  from  2 to  2j4  miles  south-southeast  of  Upper 
Jay,  lies  only  partly  within  the  limits  of  the  quadrangle.  Most  of 
the  rock  is  medium  to  moderately  coarse  grained  with  good  dia- 
basic texture,  and  a gneissoid  border  facies  is  more  or  less  well 
developed.  It  is  an  olivine  gabbro  (see  no.  52  of  table  5).  A 
small  diabase  dike,  with  nearly  north-south  strike  and  dip  60 
degrees  east,  sharply  cuts  the  gabbro  near  the  southern  margin. 

A small  diabase  dike  sharply  cuts  the  small  gabbro  mass  1 mile 
west  of  East  Kilns. 

The  other  gabbro  masses  are  quite  typical  in  every  way.  The 
gabbro  at  the  southern  base  of  Catamount  mountain  clearly  exhibits 
its  relations  to  Whiteface  anorthosite,  Keene  gneiss,  and  granite, 
all  three  of  which  it  sharply  cuts. 

Diabase  Dikes 

General  features.  Without  counting  two  or  more  dikes  close 
together  within  practically  single  outcrops,  sixty-one  diabase  dikes 
were  found  within  the  quadrangle.  These  are  all  located  and  num- 
bered on  the  accompanying  geologic  map.  Without  question  still 
others  exist,  but  they  are  either  effectually  concealed  or  they 
escaped  detection  in  the  rough  wooded  country.  Such  diabase 
dikes  are  known  to  occur  throughout  the  Adirondack  region.  They 
are  the  youngest  of  the  Precambrian  rocks,  and  they  always  sharply 


Plate  18 


Photomicrographs  by  \V.  J.  Miller 

Upper  left  figure.  Part  of  slice  of  gabbro  from  dike  no.  5,  one-half  of 
a mile  south-southwest  of  Owen  pond.  Shows  very  fine  diabasic  texture. 
Toward  top,  a large  phenocryst  of  olivine  with  a thin  rim  of  magnetite  or 
ilmenite.  Dark  gray  angular  patches,  brown  augite ; black  patches,  magnetite 
or  ilmenite ; white  material,  plagioclase.  Ordinary  light.  Magnified  23 
diameters. 


Upper  right  figure.  Part  of  slice  of  diabase  from  quarry  at  southern 
base  of  Hamlin  mountain.  Toward  top,  aug:te  phenocryst  with  inclusions 
black  patches)  of  pyrite.  White  laths  are  labradorite  crystals  embedded  in 
a black  glassy  groundmass.  Ordinary  light.  Magnified  30  diameters. 

Lower  left  figure.  Part  of  slice  of  diabase  from  dike  at  south  end  of 
gorge  one-half  of  a mile  south  of  Keene.  Toward  upper  right,  a large 
idiomorphic  phenocryst  of  olivine  with  a thin  magnetite  or  ilmenite  rim  and 
much  decomposed  to  chlorite.  On  left,  a large  idiomorphic  phenocryst  of 
augite  with  zonal  structure.  Dark  laths,  biotite;  black  specks,  magnetite  or 
ilmenite;  white  material  of  matrix,  plagioclase.  Ordmary  light.  Magnified 
23  diameters. 

Lower  right  figure.  Part  of  slice  of  gabbro  from  southern  side  of  stock, 
2}/ 2 miles  south-southeast  of  Upper  Jay.  Toward  top,  two  large  rounded 
grains  of  olivine  (with  black  streaks  of  secondary  magnetite)  surrounded  by 
successive  rims  of  granulated  hypersthene,  plagioclase,  and  garnet.  Dark 
patches,  hornblende.  Part  of  large  labradorite  crystal  at  bottom,  Ordmary 
light.  Magnified  23  diameters. 
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cut  all  the  other  types  of  Adirondack  rocks  as  narrow  bands  of 
slight  areal  extent.  They  are  wholly  nonmetamorphosed. 

The  fresh  rock  is  dark  bluish  gray  gnd  generally  fine  grained, 
though  a few  of  the  larger  dikes  are  medium  grained  toward  the 
middle.  Many  of  the  dikes  are  distinctly  finer  grained  toward 
their  margins.  A glassy  groundmass  occurs  in  a few  cases.  Many 
of  the  rocks  contain  small  phenocrysts  of  augite  or  olivine,  or  both, 
and  a few  contain  phenocrysts  of  plagioclase  feldspar.  A good 
diabasic  texture  is  often  clearly  discernible  with  the  naked  eye  in 
the  relatively  coarser  grained  rocks,  and  with  the  microscope  in  the 
finer  grained  ones,  though  some  of  the  dikes  apparently  fail  alto- 
gether to  exhibit  this  texture. 

In  width  most  of  the  dikes  range  from  less  than  an  inch  to  25 
or  30  feet,  and  in  length  up  to  at  least  one-half  of  a mile.  Most  of 
the  dikes  show  a general  northeast-southwest  strike,  this  being 
parallel  to  certain  prominent  structure  (fracture)  lines  of  the 
region.  Some  of  the  dikes  strike  nearly  east-west,  but  not  one  was 


Table  6 Thin  sections  of  diabase 


o' 

G 

<L> 

•12 

53 

Field  no. 

Labradorite 

Augite 

Olivine 

Biotite 

: 

Chlorite 

Magnetite  or 
ilmenite 

Pyrite 

Calcite 

Glassy  ground- 
mass 

Apatite 

61 

7 g 3 

68 

I 

4 

7 

20 

62 

17  j 6 

60 

20 

5 

3 

7 

4 

I 

63 

10  m 1 

60 

5 

5 

30 

64 

S f 1 

58 

21 

1 

3 

7 

4 

6 

6s 

2 k 14 

65 

15 

16 

3 J 

little 

little 

66 

1 k 2 

30 

40 

4 

20 

6 

No.  61,  dike  no.  33,  High  fall  of  West  Branch  Ausable  river;  no.  62, 
dike  no.  48,  il/2  miles  southeast  of  Firemont  hill;  no.  63,  dike  no.  24, 
quarry  at  southern  base  of  Hamlin  mountain;  no.  64,  dike  no.  5,  one-half 
of  a mile  south-southwest  of  Owen  pond;  no.  65,  dike  no.  14,  1 /mile 
north-northwest  of  Keene;  no.  66,  dike  no.  9,  one-half  of  a mile  south 
of  Keene  in  the  gorge. 

observed  to  strike  northwest-southeast.  Many  of  the  intrusions 
quite  certainly  took  place  along  zones  of  faulting  of  excessive 
jointing,  but  m some  such  cases,  at  least,  renewed  earth  move- 
ments occurred  after  the  intrusion  of  dike  material  because  the 
dike  rocks  themselves,  in  such  cases,  are  either  brecciated  or  exces- 
sively jointed. 

As  seen  in  table  6,  the  chief  minerals  are  labradorite  and  augite. 
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Special  descriptions.  No.  65  of  taible  6 is  very  typical  of  a 
medium-grained  diabase  without  olivine  from  a dike  30  feet  wide 
with  fine-grained  margins.  The  diabasic  texture  is  plainly  visible 
to  the  naked  eye.  Under  the  microscope  the  labradorite  is  seen  to 
be  in  distinct  laths,  the  biotite  pale  yellow  to  deep  brown,  and  the 
augite  pale  brown  with  good  cleavages.  This  rock  is  lighter  gray 
than  the  usual  diabase  of  the  quadrangle. 

In  the  southern  part  of  the  gorge  of  the  river  one-half  of  a mile 
south  of  Keene,  a dike  (no.  9)  fully  5 feet  wide  cuts  the  mixture 
of  granite  and  anorthosite.  It  stands  in  a vertical  position,  is  trace- 
able for  fully  100  yards,  and  shows  a fairly  good  columnar  struc- 
ture. The  rock  is  really  an  olivine  basalt  porphyry.  It  is  repre- 
sented by  no.  66  of  table  6.  Two  generations  of  crystals  are  evi- 
dent, all  of  the  olivine  and  some  of  the  augite  belonging  to  an 
earlier  period  of  crystallization,  these  two  minerals  clearly  standing 
out  as  phenocrysts  (black  and  pale  yellowish  green  respectively) 
up  to  nearly  a centimeter  across.  The  groundmass  is  very  fine 
grained,  dull  black,  and  without  a diabasic  texture.  Under  the 
microscope  the  olivine  is  colorless  with  crystal  boundaries  fairly 
well  defined,  and  it  shows  some  alteration  to  serpentine  and  hema- 
tite along  the  fractures.  In  thin  section  the  augite  is  pale  brown, 
mostly  as  rather  idiomorphic  crystals  with  good  cleavages,  and 
often  with  excellent  zonal  structures.  The  biotite  is  in  the  form  of 
slender  prisms  with  light  to  dark-brown  pleochroism.  Tbe  biotite 
evidently  crystallized  before  the  feldspar  because  the  latter  fills 
spaces  between  the  biotite  crystals.  Much  of  the  labradorite  is  in 
the  form  of  small  lath-shaped  crystals. 

In  the  gorge  of  West  Branch  Ausable  river  at  High  fall,  there 
are  several  dikes  (probably  branches  of  a single  large  one)  sharply 
cutting  the  granite  parallel  to  its  jointing.  They  are  traceable  for 
fully  100  yards  in  the  walls  of  the  gorge,  the  largest  dike  being 
about  5 feet  wide.  Just  above  High  fall  one  of  the  dikes  is  brec- 
ciated.  No.  61  of  table  6 gives  its  mineral  content.  The  rock  under 
the  microscope,  is  seen  to  be  badly  decomposed,  which  accounts  for 
the  large  amount  of  secondary  calcite. 

On  top  of  the  ridge  1 mile  east  of  Upper  Jay  there  are  seven  or 
eight  short  dikes  from  1 inch  to  1 foot  wide  and  roughly  parallel, 
as  indicated  on  the  map.  The  largest  is  exposed  for  75  feet.  The 
middle  ones  are  slightly  faulted  in  a number  of  places. 

A dike  4 or  5 feet  wide  is  beautifully  exposed  at  the  lower  end 
of  The  Flume  where  it  cuts  the  Whiteface  anorthosite  vertically. 
It  contains  some  inclusions  of  the  anorthosite. 
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About  one-half  of  a mile  northeast  of  the  summit  of  Catamount 
mountain,  a diabase  dike  3)4  feet  wide  sharply  cuts  the  largest 
gabbro-diorite  dike  obliquely  and  the  granite  parallel  to  its  folia- 
tion. A few  rods  farther ‘east  there  are  five  dikes,  none  over  a few 
feet  wide,  and  roughly  parallel. 

Near  the  summit  of  Catamount,  a dike  (no.  52)  6 feet  wide  may 
be  clearly  seen  cutting  the  granite  for  several  hundred  feet.  This 
may  be  a continuation  of  the  large  dike  (no.  51)  one-half  of  a 
mile  to  the  northeast. 

On  the  mountain  top  i)4  miles  northeast  of  Catamount  summit, 
there  are  several  dikes  from  2 to  6 feet  wide,  nearly  parallel,  and 
close  together. 

Dikes  nos.  13  and  53,  each  about  a foot  wide,  sharply  cut  gabbro 
stocks. 

Dikes  nos.  3,  30  and  35  show  various  branches  or  tongues  extend- 
ing into  the  country  rocks.  No.  3 is  in  contact  with  a pegmatite 
dike,  and  it  is  considerably  brecciated  due  to  faulting. 

Dike  no.  55,  one-half  of  a mile  north  of  Franklin  Falls,  is  2 feet 
wide.  It  contains  fresh  labradorite  crystals  as  phenocrysts  up  to 
an  inch  long  with  very  evident  twinning  bands. 

Very  instructive  dikes  may  be  seen  at  locality  no.  28  where  sev- 
eral dikes  (one  10  feet  wide)  sharply  cut  Whiteface  anorthosite. 
There  were  very  plainly  two  injections  of  diabase  magma  here.  The 
earlier  injected  mass  was  the  larger,  and  it  solidified  into  a dark 
bluish  gray  rock  with  a very  fine-grained  diabasic  texture.  The 
second  injected  masses  are  only  a few  inches  wfide,  in  sharp  con- 
tact with  the  first;  black  and  almost  glassy  with  very  small  pheno- 
crysts of  labradorite  whose  long  axes  are  approximately  parallel 
thus  causing  this  second  intrusive  to  have  a fairly  good  flow-struc- 
ture. A similar  combination  of  diabase  cutting  diabase  was 
observed  in  a glacial  boulder  1 mile  southeast  of  Wilmington. 

Dike  no.  42  (see  no.  63  of  table  6)  is  only  4 inches  wide,  but  it 
exhibits  a very  fine  diabasic  texture  in  the  middle  portion,  and 
black  glass  at  the  margins. 

At  locality  no.  18  several  dikes  from  5 inches  to  over  5 feet  wide 
are  close  together  and  sharply  cut  Grenville  quartzite. 

In  the  old  limestone  quarry  at  dike  locality  no.  16,  a good  diabase 
dike  with  several  small  branches  sharply  cuts  the  limestone. 

The  Rocks  of  Catamount  Mountain 

A remarkable  assemblage  of  rocks  occurs  within  an  area  of  less 
than  1 square  mile,  including  the  summit  and  southern  base  of 
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Catamount.  Fully  fourteen  kinds  of  rocks  are  represented,  most  of 
them  having  been  formed  at  different  times.  Oldest  of  all  are  the 
Grenville  hornblende  gneiss  and  crystalline  limestone  well  shown 
in,  and  just  west  of,  the  quarry  at  the  base  of  the  mountain.  In 
contact  with  this  Grenville  gneiss  there  are  good  outcrops  of 
typical  Whiteface  anorthosite.  On  the  southeastern  slope  of  the 
mountain,  syenite  grades  into  granitic  syenite,  and  this,  in  turn, 
into  coarse  granite.  A narrow  band  of  Keene  gneiss,  formed  by 
assimilation  of  anorthosite  by  the  granite  magma,  lies  between  the 
granite  and  anorthosite  near  the  southern  base  of  the  mountain. 
Numerous  small  aplite  dikes  cut  the  granite  parallel  to  the  foliation 
toward  the  top  of  the  mountain.  In  the  vicinity  of  the  aplite 
dikes,  quartz  veins  lie  across  the  foliation  of  the  granite.  Dikes  of 
gabbro-diorite  cut  the  granite  roughly  parallel  to  its  foliation  at  and 
near  the  summit,  and  one-half  of  a mile  to  the  northeast.  A small 
stock  of  typical  gabbro  cuts  anorthosite,  Keene  gneiss  and  granite 
near  the  base  of  the  mountain.  A diabase  dike  6 feet  wide  sharply 
cuts  the  granite  just  south  of  the  summit.  A diabase  dike  and  a 
small  pegmatite  dike  cut  obliquely  across  the  larger  of  the  gabbro- 
diorite  dikes  one-half  of  a mile  northeast  of  the  summit.  Glacial 
deposits  are  extensively  developed  around  the  foot  of  the  mountain. 

STRUCTURAL  GEOLOGY 
Tilting  and  Folding  of  the  Grenville  Series 

It  has  been  generally  assumed  that  the  Adirondack  Grenville 
strata  have  been  severely  compressed  and  folded  as  well  as  thor- 
oughly metamorphosed  and  foliated  by  the  compression.  Recently, 
however,  the  writer  has  presented  strong  evidence1  that  the  Gren- 
ville strata  have  neither  been  highly  folded  nor  severely  com- 
pressed, while  many  broad  belts  of  Grenville  are  known  to  be  prac- 
tically undisturbed  or  only  very  moderately  folded,  and  many 
masses,  large  and  small,  are  merely  tilted  or  domed  at  various 
angles.  Very  locally  the  strata  are  sometimes  contorted.  Paral- 
lelism of  Grenville  and  syenite-granite  rock  belts  is  common  with  a 
general  tendency  toward  northeast-southwest  strike,  but  there  are 
so  many  notable  exceptions  (some,  for  example,  in  the  Lake  Placid 
quadrangle)  that  any  generalization,  regarding  such  a strike  of  the 
rock  belts  as  due  to  severe  lateral  compression,  is  of  little  signifi- 
cance. 


1 Jour.  Geol.,  24:588-96.  1916. 


Plate  19 


W.  J.  Miller,  photo,  1916 

Catamount  mountain,  looking  northeast  from  West  Kilns.  The  mountain  (altitude  3168  feet)  rises  fully  1500  feet 
above  the  immediately  surrounding  country.  The  rock  of  the  mountain  is  mostly  coarse  pinkish  gray  granite. 
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The  structural  relations  of  the  Grenville  strata  are  best  explained 
as  having  been  the  result  of  slow,  irregular  upwelling  of  the  more 
or  less  plastic  magmas,  probably  under  very  moderate  compression, 
whereby  the  strata,  previously  deformed  very  little  or  none  at  all, 
were  broken  up,  tilted,  and  lifted  or  domed.  The  stratification 
surfaces  of  the  Grenville  were  thus  swung  into  general  parallelism 
with  the  slow-moving  magmatic  currents.  According  to  this  view, 
individual  large  blocks  or  belts  of  Grenville  strata,  or  several  such 
blocks  or  belts  separated  by  intrusive  masses,  with  strike  of  intru- 
sive masses  parallel  to  the  Grenville  stratification,  would  be 
expected  to  show  monoclinal  dips ; some  Grenville  masses  were 
shifted  around  in  the  irregularly  rising  magmas  so  as  to  show  vari- 
ous strikes  according  to  the  directions  of  movement  of  the  magmas, 
and  hence  would  not  be  expected  to  exhibit  monoclinal  dips;  some 
bodies  of  Grenville  were  merely  domed  over  bodies  of  rising  magma 
and  would  therefore  exhibit  more  or  less  quaquaversal  strikes  and 
dips ; while  still  other  masses  of  strata  were  probably  bent  or  even 
considerably  folded  into  synclines  by  being  caught  between  bodies 
of  magma  upwelling  at  about  the  same  rate.  Most  of  these  phe- 
nomena are  illustrated  within  the  Lake  Placid  quadrangle. 

Foliation 

General  statements.  All  the  Precambrian  rocks  of  the  quad- 
rangle, except  the  diabase  and  much  (or  all)  of  the  pegmatite,  are 
more  or  less  foliated.  Large  portions  of  the  Marcy  anorthosite 
are  commonly  practically  devoid  of  foliation.  Locally,  some  of 
the  other  intrusives  exhibit  little  or  no  foliation.  The  degree  of 
foliation  often  varies  notably  even  within  very  short  distances. 

On  the  accompanying  geologic  map  there  are  recorded  repre- 
sentative strikes  and  dips  of  foliation  selected  from  many  field 
observations.  There  is  a strong  tendency  for  the  strike  to  range 
from  north-south  to  northeast-southwest,  but  many  important 
exceptions  occur.  Sharp  variations  in  strike  occur  in  some  rela- 
tively small  areas,  as,  for  example,  at  the  southern  end  of  Wilming- 
ton mountain.  The  direction  and  amount  of  dip  also  vary  greatly, 
often  within  very  short  distances.  High  angles  of  dip  are  quite 
the  rule.  In  many  ledges  the  amount  of  dip  can  not  be  satisfac- 
torily determined. 

Foliation  of  the  Grenville.  Though  the  Grenville  strata  are 
always  highly  crystalline,  they  are,  nevertheless,  usually  only 
moderately  foliated.  Stratification  of  the  series  is  remarkably  well 
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preserved.  Parallelism  of  Grenville  foliation  and  stratification 
appears  to  be  universal.  The  Grenville  has,  for  a long  time,  been 
regarded  as  essentially  a result  of  severe  regional  compression  after 
the  great  igneous  intrusions  had  taken  place.  Recently,  however, 
the  writer  has  seriously  questioned  this  view.1 

If  the  Grenville  and  accompanying  great  intrusives  had  been  sub- 
jected to  compression  severe  enough  to  develop  the  foliation,  is  it 
not  remarkable  that  the  stratification  surfaces  have  never  been 
obliterated  and  cleavage  developed  instead,  and  also  that  stratifica- 
tion and  foliation  are  always  parallel  ? Also,  unless  we  assume 
intense  isoclinal  folding,  so  that  mineral  elongation  could  every- 
where have  taken  place  essentially  at  right  angles  to  the  direction 
of  lateral  pressure,  the  parallelism  of  stratification  and  foliation 
can  not  be  accounted  for  by  crystallization  under  severe  lateral 
pressure.  But  the  Grenville  strata  were  never  highly  folded.  We 
are  thus  forced  to  the  only  alternative  conclusion,  namely,  that 
the  Grenville  foliation  was  developed  during  the  crystallization  of 
essentially  horizontal  strata  under  a heavy  load  of  overlying  material, 
or,  in  other  words,  under  conditions  of  static  metamorphism.  Those 
minerals  which  cause  the  foliation  were  elongated  during  crystal- 
lization under  the  heavy  load  of  overlying  material.  According 
to  this  view,  the  parallelism  of  foliation  and  stratification  is  pre- 
cisely what  would  be  expected.  This  also  explains  the  important 
fact  that  the  Grenville  rocks  are  notably  less  foliated  and  granu- 
lated than  the  great  intrusives,  particularly  the  syenite-granite 
series. 

Foliation  of  the  anorthosite  and  syenite-granite  series.2  By  far 

most  of  the  great  intrusive  rocks  exhibit  more  or  less  well-developed 
foliation,  ranging  from  very  faintly  gneissoid  to  very  distinctly 
gneissoid,  the  structure  usually  being  accentuated  by  the  roughly 
parallel  arrangement  of  the  dark-colored  minerals.  Some  masses, 
particularly  of  the  Marcy  anorthosite,  are  practically  devoid  of 
foliation.  Granulation  of  minerals,  especially  feldspar,  is  common, 
the  more  highly  foliated  rocks  generally  being  most  granulated. 
The  writer  considers  these  intrusives  to  be  so-called  “ primary 
gneisses  ” whose  foliation  was  developed  as  a sort  of  magmatic 
flow-structure  under  moderate  compression  rather  than  by  severe 
lateral  pressure  brought  to  bear  upon  them  after  the  cooling  of 
the  magmas. 

‘Jour.  G'eol.,  24:596-600.  1916. 

2 For  a rather  full  treatment  of  this  subject,  see  the  writer’s  paper 

in  Jour.  Geol.,  24:600-16.  1916. 


GEOLOGY  OF  THE  LAKE  PLACID  QUADRANGLE 


67 


A brief  summary  of  the  writer’s  views  may  be  stated  as  follows. 
During  the  processes  of  intrusion,  which  were  long  continued, 
the  great  magmatic  masses  were  under  only  enough  lateral  pressure 
to  control  the  general  strike  of  the  uprising  magmas  with  conse- 
quent tendency  toward  parallel  arrangement  of  intrusives  and 
invaded  Grenville  masses;  the  foliation  is  essentially  a flow-struc- 
ture produced  by  magmatic  currents  under  moderate  pressure  dur- 
ing the  intrusions ; the  sharp  variations  of  strike  on  large  and  small 
scales,  and  rapid  variations  in  degree  of  foliation,  are  essentially 
the  result  of  varying  magmatic  currents  under  differentiated 
pressure,  principally  during  a late  stage  of  magma  consolidation; 
the  almost  universal,  but  varied,  granulation  of  these  rocks  was 
produced  mostly  by  movements  in  the  partially  solidified  magma, 
and  possibly  to  some  extent  by  moderate  pressure  after  complete 
consolidation;  and  the  mineral  flattening  or  elongation  was  caused 
by  crystallization  under  differential  pressure  in  the  cooling  magma. 
It  would  seem,  therefore,  that  the  general  absence  of  foliation 
from  so  much  of  the  Marcy  anorthosite  is  best  explained  as  the 
result  of  much  more  uniform  intrusion  of  this  single  great  body 
which  was  probably  a stiffer  or  less  fluid  magma  and  which  is  less 
involved  with  Grenville  masses,  or,  in  other  words,  to  much  less 
forced  differential  flowage. 

Foliation  of  the  gabbro  and  gabbro-diorite.  As  already  stated, 
the  interior  portions  of  most  of  the  gabbro  bodies  are  nonfoliated 
and  they  possess  a diabasic  texture,  while  the  outer  portions  are 
highly  foliated  rocks,  often  true  amphibolites.  In  many  places  the 
degree  of  foliation  varies  considerably  within  single  stocks.  More 
or  less  granulation  is  very  common.  This  foliation  and  granulation 
have  been  quite  generally  regarded  as  secondary  features  produced 
by  severe  regional  compression.  But  it  is  very  difficult  to  imagine 
a process  of  development  of  foliation,  which  boxes  the  compass 
around  the  borders  of  the  gabbro  masses,  by  regional  compression. 
Such  foliation  often  of  course  strikes  directly  across  the  foliation 
of  the  older  adjacent  rocks.  If  due  essentially  to  regional  com- 
pression of  the  solidified  gabbro,  should  not  the  foliation  every- 
where strike  at  least  approximately  at  right  angles  to  the  direction 
of  application  of  the  pressure?  Also  how  are  such  notable  varia- 
tions in  foliation  and  granulation  to  be  explained? 

According  to  the  writer’s  view,  the  foliation  and  granulation  of 
the  gabbro  stocks  are  largely,  if  not  wholly,  primary  features  due 
to  movements  in  the  magma  before  final  consolidation.  Consider- 
able pressures  must  have  obtained  within  the  stock  chambers  while 
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the  magmas  were  being  intruded  under  deep-seated  conditions. 
Such  pressure  against  the  country  rock,  combined  with  the  usual 
development  of  differential  flowage,  particularly  in  the  magmatic 
borders,  would  readily  account  for  the  peripheral  foliated  zones 
which  were  produced,  no  doubt,  during  a late  stage  of  magma  con- 
solidation. But  the  conditions  for  magmatic  pressure  and  flowage 
must  often  have  varied  considerably,  and  thus  the  local  variations 
in  degree  of  foliation  and  granulation  are  accounted  for. 

The  gabbro-diorite  dikes  are  also  more  or  less  foliated,  their 
borders  particularly  so.  As  in  the  gabbro  stocks,  so  here,  the  folia- 
tion is  considered  to  have  been  due  to  differential  magmatic  flow- 
age  under  moderate  pressure  during  a late  stage  of  magma  con- 
solidation. In  these  dikes,  however,  the  foliation  was  developed 
parallel  to  the  strike  of  the  dikes  because  cross-sections  of  the 
magma  chambers  were  long  and  narrow  rather  than  rounded  or 
elliptical  as  in  the  gabbro  stocks. 

Faults 

General  features.  Faults  are  neither  so  numerous  nor  so  promi- 
nently developed  as  is  usually  the  case  in  the  eastern  and  south- 
eastern Adirondack  region.  Within  the  Lake  Placid  quadrangle 
the  faults  are  not  sharply  defined  earth-fractures,  but  rather  they 
are  zones  of  excessive  jointing  in  which  more  or  less  crushing  and 
faulting  of  the  rocks  have  taken  place.  These  broken-rock  zones 
are  relatively  straight  for  considerable  distances,  in  some  cases  for 
some  miles.  It  seems  clear  that  such  alignments  of  crushed-rock 
zones  are  due  primarily  to  faulting,  probably  multiple  faulting. 
The  width  of  the  fault  zones  is  commonly  from  25  to  100  feet  or 
more.  Most  of  them  strike  from  northeast-southwest  to  north- 
south  as  usual  in  the  eastern  half  of  the  Adirondack  area.  Because 
the  rocks  are  broken  up  into  numerous  small  blocks,  the  crushed 
zones  form  belts  of  weakness  along  which  valleys  (sometimes  deep 
and  narrow)  have  been  developed.  Little  or  no  positive  evidence 
regarding  the  positions  of  upthrow  and  downthrow  sides  could  be 
obtained. 

Wilmington  notch  fault.  This  is  the  finest  example  of  a shat- 
tered-rock  zone  definitely  known  within  the  quadrangle.  Its  length, 
as  indicated  on  the  geologic  map,  is  about  5 miles.  The  deep,  nar- 
row Wilmington  notch,  the  gorge  at  High  fall,  and  the  gorge  at 
The  Flume,  all  owe  their  existence  to  rapid  erosion  along  this 
prominent  zone  of  weakness.  In  preglacial  time  the  river  did  not 


Plate  20 


W.  J.  Miller,  photo,  1916 

Precipitous  walls  of  the  Wilmington  notch  which  rise  fully  1000  feet  above  the  river  on  the  west  side.  The 
camera  was  pointed  upward  at  a high  angle.  The  rock  is  syenite  which  shows  a crude  columnar  structure  due  to 
excessive  jointing  in  a fault  zone. 
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flow  through  this  deep,  narrow  valley,  the  site  of  the  present  Wil- 
mington notch  having  then  been  a division  of  drainage  or  col  which 
has  been  cut  through  by  the  West  Branch  Ausable  river,  the  latter 
having  taken  this  course  as  a result  of  the  glaciation  of  the  region 
(see  chapter  on  the  pleistocene  geology).  In  fact  the  position  of 
the  whole  valley  of  the  river  between  Mt  Whiteface  and  the  Sen- 
tinel range  has  been  primarily  determined  by  the  presence  of  the 
great  zone  of  weakness  in  the  rocks. 

In  the  bed  of  the  river  three-fourths  of  a mile  west-southwest 
of  Owen  pond,  there  is  a big  ledge  of  crushed  rocks,  especially 
pegmatite  and  diabase,  which  are  distinctly  brecciated.  Some  frag- 
ments of  diabase  have  been  mingled  with  the  pegmatite.  This  zone 
strikes  N 20°  E.  Along  the  river  within  the  granite  area  in  the 
notch,  the  rock  is  badly  broken  up  in  a wide  zone  parallel  to  the 
stream.  Just  northeast  of  this  along  the  river,  the  Grenville  gneiss 
is  faulted  with  slickensides  visible. 

At  High  fall  the  granite  of  the  gorge  is  highly  jointed,  the  joint 
surfaces  being  from  one  to  several  feet  apart,  forming  a zone  of 
weakness  which  has  determined  the  stream  course.  The  joints 
strike  N 40°  E and  dip  65°  E.  Slickensided  joint  faces  are  com- 
mon. Just  above  High  fall  a diabase  dike  in  the  stream  bed  is 
brecciated,  and  close  by  is  a distinctly  slickensided  scarp  4 feet  high. 

At  the  so-called  Little  High  fall,  about  one-half  of  a mile  below 
High  fall,  there  is  a very  prominent  crushed  zone  as  wide  as  the 
river  bed  with  a strike  N 30°  E. 

In  the  river  bed  about  half  way  between  High  fall  and  The 
Flume,  there  are  two  well-developed  crushed-rock,  or  highly  jointed, 
zones  with  strike  parallel  to  the  river.  In  The  Flume  the  rock  is 
considerably  jointed,  but  just  above  the  bridge  there  is  an  exces- 
sively jointed  zone  parallel  to  the  course  of  the  stream.  Evidently 
the  gorge  development  here  has  been  greatly  aided  by  the  rock 
structure. 

Faults  in  the  town  of  Keene.  At  the  southern  end  of  the  gorge 
one-half  of  a mile  south  of  Keene,  the  rocks  are  badly  broken 
up  and  somewhat  slickensided,  indicating  a prominent  crushed-rock 
zone  here  with  strike  about  east-northeast  by  west-southwest.  By 
the  roadside  at  the  edge  of  the  gorge,  this  fault  zone  is  well  exposed 
(see  plate  21).  The  topography  strongly  suggests  the  continua- 
tion of  this  fault  zone  some  distance  northeastward  as  indicated 
on  the  map,  but  this  is  not  verified  by  actual  outcrops. 

By  the  roadside  nearly  2 miles  north  of  Keene,  the  Whiteface 
anorthosite  and  Grenville  mixed  rocks  are  much  broken  up,  some- 
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what  slickensided,  and  considerably  weathered.  The  strike  of  this 
crushed-rock  zone  is  about  north-south,  but  no  other  crushed  rocks 
are  exposed  along  this  fault  zone  as  mapped. 

The  Grenville  gneiss  in  the  small  gorge  of  Styles  brook  is 
excessively  jointed,  forming  a zone  of  weakness  with  strike  east- 
west  or  parallel  to  the  stream  course  (see  map).  Tracing  this 
zone  eastward  was  impossible  because  of  lack  of  outcrops. 

A fault  zone  of  weakness  has  almost  certainly  determined  the 
position  of  the  deep,  narrow  valley  between  Pitchoff  mountain  and 
the  southern  end  of  the  Sentinel  range  as  indicated  on  the  geologic 
map,  though  actual  exposures  of  faulted  or  excessively  jointed  rocks 
are  lacking  at  the  critical  localities. 

Other  faults.  Several  nearly  vertical  faulted  joints  pass  across 
the  small  quarry  at  the  southern  end  of  Lake  Placid.  They  strike 
N 30°  E and  probably  represent  a fault  zone  which  extends  through 
the  long,  narrow,  eastern  portion  of  Lake  Placid,  but,  if  so,  it  is 
everywhere  under  water.  The  long,  narrow,  western  side  of  the 
lake  basin  also  strongly  suggests  its  origin  along  a fault  zone  of 
weakness,  but  positive  evidence  is  lacking. 

The  group  of  diabase  dikes  about  a mile  east-northeast  of  Upper 
Jay  are  slightly  faulted  in  a number  of  places. 

Possibly  a fault  zone  has  determined  the  position  of  the  promi- 
nent valley  which  separates  Catamount  and  Wilmington  mountains, 
but  positive  evidence  is  entirely  lacking  because  of  heavy  drift 
covering,  and  it  is  possible  that  simple  removal  of  a large  mass  of 
relatively  weak  Grenville  rock  by  erosion  has  caused  this  valley. 

The  notch  between  Mt  Whiteface  and  St  Armand  mountain 
suggests  a development  along  a north-south  fault  zone,  but  out- 
crops in  the  notch  do  not  appear  to  have  been  faulted. 


Plate  21 


W.  J.  Miller,  photo,  1915 

Crushed-rock  zone  due  to  faulting  by  the  road,  one-half  a mile  south  of  Keene 
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PLEISTOCENE  GEOLOGY 

BY  HAROLD  L.  ALLING 

INTRODUCTION 

In  the  detailed  mapping  of  the  quadrangles  in  the  Adirondack 
region  more  attention  has  usually  been  given  to  the  crystalline 
rocks  than  to  the  Pleistocene  geology.  The  glacial  phenomena, 
however,  are  clearly  discernible  and  promise  to  add  materially  to 
the  knowledge  of  the  Pleistocene  history  of  the  State  of  New  York 
when  fully  worked  out.  Besides  the  usual  types  of  glacial  deposits 
the  Lake  Placid  quadrangle  exhibits  deltas,  terraces  and  shore-line 
features  of  a succession  of  extinct  glacial  lakes  whose  history  can 
be  traced  with  a fair  degree  of  accuracy.  Unfortunately  for  con- 
cise description,  the  lakes  were  not  confined  entirely  to  the  quad- 
rangle so  it  is  necessary  in  many  cases  to  examine  adjacent 
topographic  sheets  in  order  to  appreciate  the  extent  and  history  of 
each  during  its  initiation,  life  and  extinction.  Nevertheless  only 
those  lakes  which  formerly  covered  some  portion  of  the  Lake  Placid 
quadrangle  will  be  described. 

Although  positive  evidence  of  multiple  glaciation  in  the  Adiron- 
dacks  is  not,  as  yet,  forthcoming,  Prewisconsin  glaciation  in  Penn- 
sylvania, New  Jersey  and  on  Long  Island1  has  been  established  so 
as  to  lead  us  to  the  conclusion  that  this  area  has  been  subjected  to 
continental  ice  bodies  more  than  once.  In  some  of  the  stream 
valleys  the  depth  of  the  drift  is  enormous  and  a difference  in  the 
character  of  different  levels  can  often  be  detected.  If  evidence  is 
to  be  found  of  Prewisconsin  ice  action  in  the  Adirondacks,  it  is 
in  such  deposits. 

But  as  the  surface  deposits  are  chiefly  due  to  the  last  or  Lauren- 
tian  lobe  of  the  Wisconsin  ice,  we  shall  confine  ourselves  to  its 
effects. 

Wisconsin  Glaciation 

Without  much  doubt  the  entire  Adirondack  region  was  com- 
pletely buried  by  the  ice,  which  has  been  estimated  to  have  been 
9000  to  12,000  feet  in  altitude  over  the  central  Adirondacks.2  To 
this  enormous  load  upon  the  land  surface  is  attributed  the  well- 
observed  phenomenon  of  deformation,  to  which  we  will  return 
later. 


1 Fairchild,  H.  L.  Bui.  Geol.  Soc.  Amer.,  24:134. 

2 Fairchild,  H.  L.  Geol.  Soc.  Am.  Bui.,  24:136.  After  Shackleton. 
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Movement 

Seventeen  occurrences  of  glacial  striae  have  been  noted  in  the 
quadrangle ; they  are  especially  numerous  beside  the  highways  in 
the  valley  of  the  East  branch  of  the  Ausable  river.  The  majority 
of  them  have  been  observed  by  Doctor  Miller,  who  has  indicated 
them  upon  the  accompanying  map.  The  striae  in  the  valleys  were 
made  by  the  waning  stages  of  the  glacial  lobes,  for  their  direction 
has  been  influenced  very  largely  by  the  topography  of  the  country. 
The  more  general  direction  of  the  ice  flow  would  be  shown  by  striae 
on  the  mountain  summits,  but  their  records  have  been  destroyed  by 
weathering  agencies.  Nevertheless  it  can  be  stated  that  the  ice  that 
covered  the  quadrangle  flowed  southward  with  a slight  deviation 
to  the  west. 

Table  of  Glacial  Striae 


STRIAE 

TOWNSHIP 

LOCATION 

OBSERVER 

S 45°  W 

Franklin ....... 

j mile  north  of  Franklin  Falls 

W.  J.  Miller 

S 45°  W 

Franklin 

| mile  northeast  of  Franklin  Falls 

W.  J.  Miller 

S 770  W 

Black  Brook. . . . 

1 mile  northwest  of  East  Kilns 

H.  L.  Ailing 

S 40°  w 

Wilmington 

2 miles  east  of  Wilmington 

W.  J.  Mi’ler 

S 62°  w 

Wilmington 

3 miles  southeast  of  Wilmington 

J.  F.  Kemp 

S 12°  W 

Jay 

Southeast  of  Upper  Jay 

T F.  Kemp 

Due  S 

Jay 

f mile  south  of  Upper  Jay 

W.  J.  Miller 

S io°  E. ...... . 

Jay 

2 miles  southwest  of  Upper  Jay 

W.  J.  Miller 

S 150  E 

Keene 

2j  miles  north  of  Keene 

W.  J.  Miller 

Due  S 

Keene 

1 1 miles  north  of  Keene 

W.  J.  Miller 

Due  S 

Keene 

1 5 miles  north  of  Keene 

W.  J.  Miller 

S io°  E. . . . 

Keene 

1 j miles  north  of  Keene 

H.  L.  Ailing 

Due  S 

Keene 

1 5 miles  north  of  Keene 

H.  L.  Ailing 

Due  S 

Keene 

I?  miles  north  northwest  of  Keene 

W.  J.  Miller 

S 2s0  E 

Keene 

1 j miles  northeast  of  Keene 

W.  J.  Miller 

S io°  E . 

Keene 

j mile  southwest  of  Keene 

W.  J.  Miller 

Erosional  Work 

The  residual  soil  resulting  from  weathering  during  interglacial 
periods  was  completely  removed  by  the  ice,  the  mountains  smoothed 
and  their  contours  subdued.  The  extent  of  ice  action  is  recorded 
in  the  comparatively  fresh  condition  of  the  rocks  on  exposed 
ledges,  as  is  shown  on  the  bare  slopes  of  Pitchoff  mountain,  on  the 
southern  edge  of  the  map. 

The  many  amphitheaters  and  little  rocky  pockets  on  the  moun- 
tainsides are  due,  in  all  probability,  to  the  erosive  action  of  the  ice. 
These  cirques  have  been  attributed  to  the  combined  work  of  the 
continental  ice  bodies  and  to  local  glaciers.1  They  are  visible  on 

1 Ogilvie,  I.  H.  Glacial  Phenomena  in  the  Adirondacks,  Jour.  Geol., 
10:406.  1902. 

Johnson,  D.  W.  Date  of  Local  Glaciation  in  the  White,  Adirondack, 
and  Catskill  Mountains,  Geol.  Soc.  Amer.  Bui.  28 :543~52- 
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the  slopes  of  Whiteface,  Sentinel1  and  especially  Esther  mountain. 
The  origin  of  rocky  pockets,  now  occupied  by  ponds,  on  the  south- 
western slopes  of  some  of  the  mountains  is  not  clearly  understood, 
but  plucking  action  of  the  ice  may  be  regarded  as  a contributing 
cause. 

In  pushing  through  the  major  fault-line  valleys,  such  as  the 
Pitchoff  “ pass,”  the  Wilmington  Notch,  and  also  the  Middle  Kilns 
valley,  the  ice  carried  with  it  the  talus  material  that  had  accumu- 
lated during  interglacial  periods,  freshened  out  the  valley  walls  and 
left  U-shaped  valleys,  blocking  both  ends  with  crescent-shaped 
moraines  as  it  retreated. 

The  occurrence  of  glacial  boulders  is  quite  common,  some  of 
which  appear  to  have  been  transported  from  great  distances  while 
others  can  be  traced  to  parent  ledges  in  the  neighborhood.  Rounded 
boulders  of  Potsdam  quartzite  have  been  noted  all  over  the  quad- 
rangle. Large  irregular  slabs  of  Potsdam  sandstone  and  quartzite 
are  encountered  in  some  of  the  brook  valleys  where  the  drift  is 
abnormally  thick.  To  the  north  of  the  road  running  from  Upper 
Jay  to  Wilmington,  some  2 miles  directly  south  of  the  latter,  irregu- 
lar nonglaciated  flagstones  were  encountered  in  such  numbers  as 
strongly  to  suggest  that  a ledge  of  the  Potsdam  existed  here  before 
the  ice  invasion  broke  it  up.  Similar  occurrences  in  the  Elizabeth- 
town2 and  Mt  Marcy  quadrangles,3  together  with  outliers,4  point 
to  the  conclusion  that  the  Adirondacks  were  submerged  in  the 
Potsdam  sea  to  a much  greater  extent  than  was  formerly  considered 
to  be  the  case. 

Moraines 

There  is  but  little  true  morainal  material  to  be  found  in  the  Lake 
Placid  quadrangle,  for  most  of  it  has  been  modified  by  water  ;5  the 
movement  of  the  ice  during  the  maximum  advance  having  evidently 
been  too  vigorous  for  deposition  and  the  material  that  was  deposited 
as  the  ice  retreated  having  been  sorted  by  the  waters  of  the  glacial 
lakes. 

The  recessional  moraines  appear  to  be  largely  confined  to  the 
fault-line  valleys,  being  formed  by  the  ice-tongues  as  they  with- 
drew from  the  narrow  defiles.  At  the  southern  ends,  in  the  broad 

1 Kemp,  J.  F.  The  Geology  of  the  Lake  Placid  Region,  N.  Y.  State 
Mus.  Bui.  21,  p.  21. 

2 Rudemann,  Rudolf,  N.  Y.  State  Mus.  Bui.  138,  p.  62. 

3 Ailing,  H.  L.,  Bui.  Geol.  Soc.  Amer.  27:650. 

4 Miller,  W.  J.,  N.  Y.  State  Mus.  Bui.  182,  p.  44. 

6 Cushing,  H.  P.,  N.  Y.  State  Mus.  Bui.  115,  p.  496. 

Ogilvie,  I.  H.,  Jour.  Geol.,  10:406. 
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valleys,  the  rate  of  retreat  was  slow  and  moraines  were  formed; 
but  in  the  narrow  valleys  the  melting  of  an  equal  amount  of  ice 
would  produce  a much  more  rapid  recession,  giving  but  little  oppor- 
tunity for  the  deposition  of  material.  Again  at  the  northeastern 
ends  of  the  passes  the  ice- tongues  paused  long  enough  to  deposit 
another  series  of  moraines. 

The  damming  of  such  valleys  by  recessional  moraines  has  resulted 
in  the  Cascade  lakes,  located  in  the  Mt  Marcy  sheet;  and  in  Silver 
lake  and  Taylor  pond  on  the  northern  edge  of  the  Lake  Placid 
quadrangle.  A very  striking  example  of  morainal  damming  is  Lake 
Placid,  formed  by  the  blockading  of  two  parallel  (fault-line?) 
valleys  which  have  been  joined  by  valleys,  producing  the  islands, 
thus  forming  a ladder-shaped  body  of  water.  In  a depression  in 
the  dam  Mirror  lake  now  lies.  Just  south  of  Mirror  lake  Doctor 
Miller  found,  beside  the  road,  an  exposure  20  feet  thick,  which 
showed  glacial  till  with  large  boulders  in  the  upper  half  resting 
upon  distinctly  stratified  sands.1  The  writer  would  infer  that  dur- 
ing slight  variations  in  the  advance  and  retreat  of  the  ice  lobe, 
glacial  debris  was  deposited  on  top  of  a glacial  lake  bottom  (see 
page  83.  Glacial  Lake  Upper  Newman).  A similar  phenomenon  is 
known  in  the  Cobb’s  hill  kame-moraine  at  Rochester,  N.  Y. 

The  preglacial  drainage  has  been  modified  by  glacial  material  of 
one  kind  or  another  in  several  localities.  A good  example  was 
found  south  of  the  town  of  Keene  in  the  East  branch  of  the  Ausable 
river.  In  this  comparatively  broad  valley  on  the  northern  edge  of 
the  Mt  Marcy  sheet  we  note  an  unnamed  hill,  around  the  two  sides 
of  which  the  two  highways  leading  to  Keene  Valley  circle.  To 
the  west  of  this  hill  the  present  river  rushes  between  steep  walls 
of  syenite  and  mixed  rocks  (southern  edge  of  the  Lake  Placid 
quadrangle),  experiencing  rapids  and  falls.  It  is  clearly  a post- 
glacial channel  and  is  one  of  the  beauty  spots  in  the  quadrangle. 
On  the  other  side  of  this  hill  the  preglacial  channel  is  plainly  per- 
ceptible, although  now  blocked  by  sands  of  a lateral  delta.2 

Local  Moraines;  Local  Glaciation 

The  writer’s  work  in  the  central  Adirondacks  would  lead  him  to 
suspect  that  local  glaciers  existed  on  the  slopes  of  the  higher  moun- 
tains. This  conclusion  has  been  reached  through  the  study  of 

1 Miller,  W.  J.,  Personal  communication,  Jan.  17,  1917. 

2 Ailing,  H.  L.,  Glacial  Geology  of  the  Mt  Marcy  Quadrangle,  in  The 
Geology  of  the  Mt  Marcy  Quadrangle,  Kemp,  J.  F.,  in  preparation ; N.  Y. 
State  Mus.  Bui. 
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lateral  moraines,  usually  modified  and  dissected  by  streams  in  the 
brook  valleys,  often  of  perplexing  character,  but  suggesting  local 
origin ; and  through  the  presence  of  poorly  developed  cirques,  on 
the  mountain  slopes;  and  hanging  tributary  valleys.  In  1916  the 
writer,  under  the  leadership  of  D.  W.  Johnson,  found  in  the 
incipient  cirque  on  the  eastern  slope  of  Esther  mountain  (a  portion 
of  the  Whiteface  massif)  a narrow  ridge  of  debris  at  an  altitude 
of  about  3000  feet,  some  three-fourths  of  a mile  in  length.  Its  form 
is  that  of  a glacial  moraine  rather  than  that  of  a landslide.  This 
cirque  valley  slopes  northeast,  which  offered  a favorable  opportunity 
for  the  continental  ice  to  force  a tongue  into  it  and  to  deposit  a 
recessional  moraine ; but  this  would  have  a crest  declining  south- 
west, while  the  moraine  found  has  the  opposite  inclination.  Fur- 
thermore the  northeastern  end  points  slightly  toward  the  axis  of 
the  valley.  The  moraine  is  very  well  preserved  and  it  is  incon- 
ceivable that  this  ridge  of  unconsolidated  material  could  have  with- 
stood the  destructive  forces  of  the  ice  sheet.  We  must,  therefore, 
conclude  that  local  glaciation  took  place  after  the  withdrawal  of 
the  main  ice  body  from  the  region.1 

It  is  sometimes  argued  that  if  local  glaciers  occupied  the  cirque 
valleys,  small  terminal  moraines  should,  in  every  case,  be  found 
at  their  lower  extremities ; their  absence  being  taken  as  evidence  for 
dating  such  action  before  the  continental  ice  invasion,  which  caused 
their  destruction.  The  studies  of  de  Martonne  in  the  Alps  and 
the  Carpathians  show  that  in  regions  now  undergoing  Alpine  glacia- 
tion, where  the  complications  of  continental  ice  bodies  are  absent, 
local  moraines  are  seldom  prominent  features,  for  the  glacial 
streams  destroy  them.  Thus  as  a rule  only  one  or  two  moraines 
are  found  in  every  ten  cases  examined. 

It  is  reasonable  to  expect  that  local  glaciation  could  not  have 
been  limited  to  the  Catskill  mountains  (which  is  a region  unlikely 
to  support  local  glaciers)  without  the  Adirondacks  likewise  experi- 
encing it ; hence,  since  local  glaciation  has  been  established  there,2 
it  lends  weight  to  the  above  conclusion. 


1 Johnson-,  D.  W.,  Date  of  Local  Glaciation  in  the  White,  Adirondack 
and  Catskill  Mountains.  29th  Annual  Meeting  Geol.  Soc.  Amer.,  Bui.  28:545- 
52.  1917. 

2 Rich,  John  L.,  Notes  on  the  Physiography  and  Glacial  Geology  of 

the  Northern  Catskill  Mountains,  Am.  Jour.  Sci.,  39:154.  Feb.  1915. 
Local  Glaciation  in  the  Catskill  Mountains,  Jour.  Geol.  14:113-21.  1906. 

Local  Glaciation  in  the  Catskill  Mountains.  Geol.  Soc.  Amer.  Bui.  28:133 
(abstract)  1917. 
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Eskers  are  infrequent  on  this  quadrangle,  although  a number 
have  been  located  in  the  Mt  Marcy,  Ausable,  Saranac  and  St  Regis 
sheets.  The  writer  has  seen  within  the  present  limits  no  glacial 
deposits  as  undoubted  eskers,  but  Doctor  Miller  considers  to  be 
such  an  east-west  ridge  some  200  yards  long  and  30  to  50  feet  high, 
observed  by  him,  one-half  of  a mile  directly  east  of  the  cross  roads 
at  Keene. 

Karnes  are  likewise  uncommon.  In  the  vicinity  of  the  south- 
western end  of  the  Middle  Kilns  valley  a number  of  irregular  hills 
are  strongly  suggestive  of  kame  topography. 

Outwash  Plains 

Outwash  plains  can  generally  be  distinguished  from  deltas  and 
glacial  lake  bottoms  by  ice  blocks,  kettle  holes,  and  the  lack  of  shore- 
line features.  Frequently,  however,  in  the  field  such  distinctions 
are  difficult,  if  not  impossible,  to  make  unless  accompanied  by  other 
positive  evidence.  Some  of  the  sand  plains  in  the  quadrangle  are 
rather  perplexing  and  their  origin  may  be  complicated,  although 
it  is  believed  that  the  majority  of  them  were  formed  in  connection 
with  the  glacial  lakes  described  here. 

Extinct  Glacial  Lakes 

Conditions  Favorable  for  Glacial  Lakes  in  the  Region.  A 

number  of  important  factors  were  favorable  for  the  formation 
of  several  series  of  local  glacial  lakes  in  the  east  central  Adiron- 
dacks,  and  some  of  these  bodies  of  water  existed  in  the  area  cov- 
ered by  this  bulletin.  Among  the  conditions  we  note:  (1)  north- 
ward-draining  valleys,  sloping  toward  and  blocked  by  ice  lobes ; 

(2)  the  complete  isolation  of  such  valleys  by  mountain  ranges;  and 

(3)  the  presence  of  a huge  ice  ring  that  completely  surrounded 
the  highlands,  impounding  vast  quantities  of  water.  This  area 
was  situated  close  to  the  northeast  rim  of  the  ring.  The  large 
amount  of  available  material  for  the  formation  of  deltas,  terraces 
and  beaches,  makes  recognition  possible.  The  cause  of  the  great 
quantities  of  sand  is  discussed  later  on. 

A number  of  glacial  lakes  in  the  quadrangle  have  been  noted 
in  the  past  by  Taylor,1  although  he  did  not  attempt  to  separate  and 
correlate  the  different  levels,  and  by  Kemp  who  has  noted2  two  or 


Baylor,  F.  B.,  Lake  Adirondack,  Amer.  Geol.,  19:392-96.  June  1897. 
’Kemp,  J.  F.,  Geology  of  the  Lake  Placid  Region,  New  York  State 
Mus.  Bui.  21,  p.  60. 
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three  sets  of  deltas  in  the  Keene  valley.  It  has  fallen  to  the  writer 
to  attack  the  problems  of  the  glacial  lakes  of  the  east  central 
Adirondacks,  and  to  attempt  to  translate  something  of  the  wonder- 
ful history.  In  such  pioneer  work  mistakes  and  faulty  interpre- 
tations are  apt  to  appear,  for  it  is  impossible  to  avoid  errors. 

In  dealing  with  the  glacial  lakes  the  writer  has,  for  convenience, 
classified  them  into  three  sections : ( i ) the  western  section,  that 
is,  the  region  around  Lake  Placid,  to  the  west  of  the  Wilmington 
notch;  (2)  the  eastern  section,  or  the  Keene  valley  division  in  the 
valley  of  the  East  branch  of  the  Ausable  river;  and  (3)  the  Eliza- 
bethtown valley  group.  The  last  section  does  not  come  under  dis- 
cussion here. 

Upper  series:  western  section.  As  the  ice  sheet  began  to 

wane,  the  highest  peaks  of  the  Adirondacks  were  the  first  to  be 
uncovered,  playing  the  role  of  islands  in  a sea  of  ice.1  Slowly  these 
islands  became  larger,  surrounded  by  a growing  accumulation  of 
water  impounded  by  the  ice.  These  waters  found  escape  over  the 
ice  to  the  south  and  eventually  passed  to  Susquehanna  drainage. 
This  process  of  melting  was  continued  until  entire  mountain  ranges 
were  exposed. 

The  South  Meadozvs  lake.  The  highest  definite  level  recog- 
nized by  the  writer  in  the  Adirondacks,  as  shown  by  sand  plains, 
terraces  and  beaches,  is  one  ranging  from  1940  to  2210  feet  in 
altitude.  When  this  level  was  first  appreciated  some  hesitation 
was  felt  in  describing  it  as  glacial,  for  no  shore-line  features  or 
outlets  had  been  noted.  It  was  considered  as  outwash  plains  formed 
by  aggrading  glacial  streams  that  flowed  from  the  melting  ice,  but 
as  extended  field  work  was  undertaken  these  lake  phenomena  were 
discovered,  or  strongly  suspected,  and  hence  the  true  nature  of  the 
plains  was  established. 

The  best  development  of  the  glacial  deposits  of  this  lake  is  in  the 
northwest  corner  of  the  Mt  Marcy  sheet  in  the  South  Meadows 
country ; hence  the  name  — South  Meadows  lake.  As  can  be  seen 
in  figure  2,  the  writer  conceives  that  it  covered  the  southwest  por- 
tion of  the  Lake  Placid  quadrangle  and  the  corners  of  the  adjacent 
sheets.  The  ice  consisted  of  three  lobes : one  covered  the  greater 
portion  of  the  Saranac  sheet ; the  second  lobe  was  fed  through 
the  narrow  passes  to  the  east  and  west  of  the  Whiteface-Esther- 
Wilmington  massif  and  covered  the  territory  where  Lake  Placid 


1 Fairchild,  H.  L.,  N.  Y.  State  Mus.  Bui.  160,  pi.  11. 
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now  lies;  the  third  and  the  most  eastern  lobe,  here  considered, 
completely  filled  the  valley  of  the  East  branch  of  the  Ausable  river 
and  Keene  valley. 


Fig.  2 The  Glacial  Lake  succession  in  the  Lake  Placid  quadrangle.  Stage 
one. 

The  South  Meadows  lake,  altitude  1940  to  2210  feet. 


The  South  Meadows  lake  was  of  irregular  shape,  some  10  miles 
long  and  wide,  containing  a number  of  islands.  Its  outlet  has  not, 
as  yet,  been  definitely  established,  but  a very  probable  one  is  offered 
as  follows.  It  begins  at  the  swamp  just  south  of  Alford  moun- 
tain in  the  Santanoni  quadrangle,  on  the  Essex-Franklin  county 
boundary  line  (altitude  2105^  feet),  and  passes  westward  through 
the  narrow  pass  (altitude  1980  feet)  directly  south  of  Van  Dorrien 
mountain  to  Blueberry  pond.  Continuing  westward  into  the  Long 
Lake  quadrangle,  on  the  boundary  between  the  two  maps,  it  turns 
to  the  southwest  and  passes  three-fourths  of  a mile  south  of  Palmer 
brook.  When  within  a mile  of  the  Raquette  river,  the  course  turns 
directly  south  over  Brueyer  pond.  This  river  course  is  a mere  sug- 
gestion as  actual  field  work  has  not  been  undertaken  in  the  rugged 
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and  inaccessible  Santanoni  quadrangle.  Probably  the  waters  flow- 
ing through  this  channel  did  not  form  a single  river  but  consisted 
of  a chain  of  lakes  and  ponds.  Just  where  the  ice  control  was 
located  for  each  successive  level  is  not  known. 

The  glacial  sands,  gravels  etc.  form  a filling  in  the  South  Mead- 
ows country  that  is  estimated  to  be  at  least  300  feet  thick.  This 
matter  will  be  referred  to  again  in  another  connection. 

A number  of  unmistakable  beaches  exist  on  the  shoulders  of  the 
Sentinel  range  and  on  Scott’s  cobble,  northern  edge  of  the  Mt 
Marcy  sheet.  The  altitude  of  a series  of  them  ranges  from  2146 
to  2209  feet.1  These  figures,  in  all  probability,  represent  the  water 
levels  during  the  early  stages  of  the  lake.  Sand  plains  with  alti- 
tudes close  to  i960  feet  strongly  suggest  that  the  lake  was  under- 
going constant  lowering,  perhaps  as  the  small  ice  lobe  3 miles  east 
of  the  highest  peak  of  Ampersand  mountain  retreated  and  allowed 
escape  through  the  channel  of  the  East  branch  of  Cold  brook  and 
then  south,  lowering  the  level  to  i960  feet  as  set  by  the  Van  Dor- 
rien  pass  mentioned  above.  (See  figure  2 as  indicated  by  the 
“ later  outlet.”) 

The  fault-line  valley  containing  the  Cascade  lakes  (Mt  Marcy 
quadrangle)  was  probably  filled  by  morainal  material  and  by  a 
glacial  lobe,  preventing  escape  to  the  east;  thus  the  outlet  was  to 
the  west  as  suggested  above. 

Western  portion  of  Upper  Lake  Newman.  With  the  gradual 
retreat  of  the  ice  and  its  constant  shifting  of  position,  new  and 
lower  outlets  were  exposed.  Succeeding  the  South  Meadows  lake, 
the  western  portion  of  Upper  Lake  Newman,  as  the  writer  pro- 
posed to  call  it,2  was  ushered  in.  As  the  remnants  are  rather  indef- 
inite in  character  and  the  range  is  considerable,  1800  to  1895  fe<et, 
the  writer  is  not  unmindful  that  stream  filling  forming  an  outwash 
plain  from  the  glacier  may  be  an  alternative  explanation;  but  in 
view  of  the  fact  that  sand  plains  are  found  over  a considerable 
area  confined  within  definite  limits  of  range  of  altitude,  they  are 
assumed  to  represent  a series  of  lake  bottoms  formed  by  a lake 
whose  level  was  experiencing  periodic  lowering  due  to  the  down- 
cutting of  the  controlling  spillways.  These  spillways  may  have 
been  over  the  ice  itself  or  a series  of  outlets  which  were  over  rock. 
Unfortunately,  however,  the  outlets  of  the  lake  are  not  positively 

1 Determined  by  a surveying  aneroid  barometer  and  checked  against  a 
barograph,  hence  as  accurate  as  this  method  permits. 

2 Ailing,  H.  L.,  “ Geology  of  the  Lake  Clear  Region.”  N.  Y.  State  Mus. 
Bui.  207,  208,  p.  133. 
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known  but  in  all  probability  the  drainage  was  to  the  west,  similar 
to  that  of  the  South  Meadows  lake. 

This  lake  was  even  more  extensive  than  the  South  Meadows  lake 
if  the  writer’s  conception  is  correct.  It  covered  the  area  now 
occupied  by  the  southern  end  of  Lake  Placid,  the  western  end  of 
the  Wilmington  notch,  and  sent  a four-fingered  bay  into  the  South 
Meadows  country  and  flooded  the  southern  edge  of  the  Saranac 
quadrangle.  The  valley  of  the  East  branch  of  the  Ausable  river 
was  occupied  by  an  ice  lobe,  preventing  any  connection  between 
the  eastern  and  western  portions  of  the  Lake  Placid  quadrangle. 


Fig.  3 The  Glacial  Lake  succession  in  the  Lake  Placid  quadrangle.  Stage 
two. 

The  South  Meadows  lake  was  succeeded  by  the  western  section  of  Upper 
Lake  Newman,  altitude  1800  to  1895  feet.  The  ice  lobe  in  the  valley  of 
the  East  branch  of  the  Ausable  river  had  retreated  since  stage  one  to 
allow  the  Keene  lake  to  accumulate. 
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The  best  preserved  terraces  of  the  Upper  Lake  Newman  were 
found  in  the  extreme  southwest  corner  of  the  quadrangle  in  the 
neighborhood  of  John  Brown’s  grave  and  along  the  West  branch 
of  the  Ausable  river.  The  name  of  the  lake  is  derived  from  the 
town  of  Newman,  the  terminus  of  the  Delaware  and  Hudson  Rail- 
road, where  well-preserved  levels  occur  on  the  north,  south  and 
more  especially  at  the  point  where  the  Lake  Placid-Keene  highway 
crosses  the  river.  Here  a striking  view  of  them  may  be  obtained. 

As  may  be  inferred  from  figure  3,  the  present  theory  is  that  a 
portion  of  the  ice  body  that  was  responsible  for  the  existence  of 
Upper  Lake  Newman,  was  situated  for  a time  near  the  southern 
edge  of  what  is  now  Lake  Placid,  and  it  is  believed  that  the  morainal 
dam  that  later  brought  about  Lake  Placid  was  formed  during  this 
period.  The  ice  experiencing  minor  advances  and  retreats  pro- 
duced the  exposure  above  mentioned,  showing  drift  on  top  of  the 
stratified  sands  of  Upper  Lake  Newman. 

In  the  vicinity  of  John  Brown’s  grave,  well-preserved  benches 
show  a complete  separation  of  Upper  Newman  from  the  succeeding 
lake,  Lower  Newman;  the  upper  series  ranging  from  1800  to  1820 
(one  well-marked  level  at  1806.5  feet)  while  the  lower  group  vary 
from  1740  to  1780  feet.  The  same  difference  in  levels  was  found 
in  the  Saranac  quadrangle  one-half  of  a mile  north  of  Harrietstown, 
where  a corresponding  group  of  benches  occurs.1 

Upper  series:  eastern  section.  The  Keene  lake.  During 

the  greater  portion  of  the  life  of  the  western  portion  of  Upper  Lake 
Newman,  the  ice  lobe  in  the  valley  of  the  East  branch  of  the  Ausable 
river  was  retreating  northward  and  allowed  a growing  body  of 
water  to  accumulate  in  the  Keene  valley.  This  body  of  water, 
named  the  Keene  lake,  left  terraces  high  up  on  the  valley  walls, 
especially  in  the  brook  valleys  where  the  present  streams  have 
bisected  them.  The  sands  on  East  hill  at  2000  feet  altitude,  in  the 
southeast  corner  of  the  Lake  Placid  map,  were  probably  deposited 
at  this  time.  The  greater  portion  of  the  lake,  however,  filled  Keene 
valley  and  thus  was  largely  located  within  the  confines  of  the 
Mt  Marcy  sheet. 

The  outlet  is  regarded  to  have  been  to  the  south  through  the 
double  fault-line  valley,  in  which  the  famous  Ausable  lakes  are  now 
located,  into  standing  waters  in  the  northern  half  of  the  Schroon 
lake  sheet.  The  two  passes  to  the  east,  namely,  the  Spruce  hill 

1 Ailing,  H.  L.,  “ Geology  of  tfie  Lake  Clear  Region.  N.  Y.  State  Mus. 
Bui.  20 7,  208,  p.  133. 
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pass  and  the  Chapel  pond  pass  on  the  western  edge  of  the  Eliza- 
bethtown sheet,  although  much  lower  than  the  surface  of  the  water, 
were  effectively  blocked  by  side  ice  lobes  from  the  glacial  tongue 
that  occupied  the  Elizabethtown  valley,  preventing  eastward  escape. 

It  seems  quite  likely  that  as  the  lobe,  which  prevented  northward 
escape  of  the  Keene  lake,  gradually  retreated,  it  at  last  uncovered 
the  eastern  end  of  the  Wilmington  notch  which  furnished  connec- 
tion with  the  western  portion  of  the  area,  and  then  the  waters  in 
the  valley  of  the  East  branch  fell  to  the  level  of  Upper  Lake 
Newman. 


Fig.  4 The  Glacial  Lake  succession  in  the  Lake  Placid  quadrangle. 
Stage  three. 

The  Keene  lake  was  succeeded  by  the  eastern  section  of  Upper  Lake 
Newman  when  the  ice  lobe  in  the  valley  of  the  Ausable  river  had  retreated 
to  uncover  the  Wilmington  notch,  allowing  discharge  to  the  west.  Both 
eastern  and  western  sections  of  Upper  Lake  Newman  were  succeeded  by 
Lower  Lake  Newman,  altitude  1740  to  1780  feet. 
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Eastern  portion  of  Upper  Lake  Newman.  The  life  of  the  east- 
ern portion  of  Upper  Lake  Newman  was  probably  relatively  short 
compared  with  that  of  the  western  area,  for  the  terraces  are  very 
indefinite  and  the  separation  of  the  benches  into  an  upper  and  a 
lower  series  does  not  exist,  or  at  least  can  not  be  demonstrated. 
Thus  soon  after  the  establishment  of  greater  Upper  Newman,  the 
outlet  was  changed,  perhaps  rapidly  deepened  by  the  additional 
volume  of  water  from  the  eastern  section,  so  that  the  waters  fell 
to  the  level  of  Lower  Lake  Newman. 

Upper  series:  eastern  and  western  sections.  Lower  Lake 

Newman.  This  lake  was  of  still  greater  extent  than  any  of  the 
above-described  bodies  of  water.  Its  northern,  and  especially  the 
northwestern,  extent  and  boundaries  are  still  to  be  studied  and 
worked  out.  Our  present  knowledge  would  lead  us  to  conclude, 
however,  that  the  valleys  occupied  by  the  West  and  East  branches 
of  the  Ausable  river  were  flooded,  the  connecting  link  between  the 
two  being  the  Wilmington  notch.  This  is  inferred  by  the  fact  that 
deltas  and  terraces  at  similar  heights  were  found  to  the  east  and 
west  of  the  Notch;  how  else  could  the  waters  of  the  two  areas 
have  been  confluent?  These  waters  thus  flooded  the  area  covered 
by  Lake  Placid  and  the  greater  portion  of  the  Saranac  quadrangle. 
As  the  ice  barrier  retreated  the  area  around  Franklin  Falls  was 
covered  by  the  later  stages  of  Lower  Lake  Newman.  The  outlet 
is  assumed  to  have  been  west,  although  its  location  is  at  present 
unknown.  It  is  possible,  though  exceedingly  unlikely,  that  the 
Chapel  pond  pass  may  have  been  an  outlet  toward  the  close  of  this 
period,  changing  the  drainage  to  the  east. 

The  South  Meadows,  and  the  two  Newman  lakes,  probably  had 
outlets  to  the  west;  the  Keene  lake  drained  south;  but  the  suc- 
ceeding lake  (or  group  of  lakes)  had  drainage  to  the  east. 

Saranac  glacial  waters.  The  series  of  sand  plains,  terraces 
etc.  that  come  under  this  head  were  recognized  and  described  by 
H.  P.  Cushing,1  in  the  Saranac  region,  in  what  is  generally  known 
as  the  “ lake  belt.”  These  levels  have  such  a wide  range,  1450 
to  1660  feet,  that  they  must  have  been  produced  by  a series  of 
glacial  lakes,  or  have  been  deposited  by  aggrading  streams  which 
no  longer  exist,  or  by  a combination  of  both. 

Doctor  Cushing  is  of  the  opinion  that  “ these  sands  were  prob- 
ably deposited  as  deltas  in  a large  irregular,  shallow,  lake  formed 


1 Cushing,  H.  P.,  Recent  Geological  Work  in  Franklin  and  St  Lawrence 
Counties,  N.  Y.,  State  Mus.  Annual  Rep’t.  1900,  p.  09. 
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back  of  the  ice  tongue  which  occupied  the  ‘ lake  belt  ’ during  its 
slow  retreat  north,  the  material  being  furnished  by  the  subglacial 
and  englacial  streams  flowing  into  the  lake  at  the  ice  margin.” 

As  nearly  two-thirds  of  the  Saranac  sheet  exhibits  terraces  and 
sand  plains  of  the  higher  levels,  it  was  proposed  that  the  name 
“ Saranac  glacial  waters  ” be  applied  to  the  standing  waters  that 
built  these  levels,  although  the  waters  covered  portions  of  the  Lake 
Placid,  Mt  Marcy  and  Ausable  quadrangles. 

Extensive  levels  are  preserved  within  the  area  in  the  brook  val- 
leys such  as  Clifford,  Styles,  Brown’s  and  New  Bridge  brooks  and 
to  the  east  and  west  of  the  town  of  Wilmington. 

The  general  character  of  the  terraces  is  that  of  gently  sloping 
plains  on  the  mountain  slopes  without  any  prominent  shore-line 
features.  An  exception  to  the  last  statement  is  a wave-cut  cliff  on 
the  south  side  of  the  Styles  Brook  valley.  The  indefinite  nature 
of  nearly  all  the  sand  plains  strongly  impressed  the  writer  and 
thus  he  was  inclined  to  view  them  as  having  been  formed  by  aggrad- 
ing glacial  streams,  the  remnants  now  existing  being  merely  por- 
tions left  undisturbed  by  the  present  streams.  But  field  work 
revealed  a remarkable  series  of  outlets  in  the  center  of  the  Ausable 
quadrangle  that  furnish  evidence  for  regarding  them  as  glacial 
lake  features. 

Outlets.  Here  again  we  must  depart  from  the  confines  of  the 
Lake  Placid  quadrangle  to  understand  the  nature  of  these  conspicu- 
ous levels.  Although  a detailed  description  of  the  outlets  will  not 
be  given,  a short  summary  of  them  is  indispensable.1 

(Beginning  on  the  southern  slopes  of  Ellis  mountain,  in  the  town- 
ship of  Jay,  a long  glacial  channel  extends  south  for  a distance  of 
some  9 miles  with  a dozen  side  outlets  to  the  east.  The  lake 
entrance  to  this  channel  was  at  the  northern  end,  south  of  Ellis 
mountain.  The  controlling  spillways  were  regulated  by  an  ice  lobe 
that  lay  to  the  east.  Thus  it  is  the  writer’s  opinion  that  as  the  ice 
retreated  it  permitted  escape  first  by  the  most  southern  side  outlets 
which  represents  the  outlet  of  the  early  stages  of  the  Saranac 
glacial  waters ; while  as  the  ice  continued  to  retreat,  lower  spill- 
ways were  opened  farther  north  with  a consequent  lowering  of  the 
waters. 

In  several  of  these  side-outlet  channels  “ fossil  ” or  dried-up 
falls  and  cataracts  are  found.  The  channels  are  very  impressive 

1 For  a fuller  account,  see  Ailing,  H.  L.,  The  Glacial  Lakes  and  Other 
Glacial  Features  of  the  Central  Adirondacks,  Bui.  Geol.  Soc.  Amer., 
27:658  and  fig.  1. 
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and,  together  with  the  correlation  of  the  elevations  of  the  outlets 
and  minor  breaks  in  the  sand  plains,  furnish  positive  evidence  of 
the  nature  of  these  levels. 


Fig.  5 The  Glacial  Lake  succession  in  the  Lake  Placid  quadrangle. 
Stage  four. 

With  the  opening  of  the  glacial  channels  in  the  Ausable  sheet  the  Lower 
Newman  Lake  was  succeeded  by  the  Saranac  glacial  waters,  the  late 
stage  of  which  is  indicated  on  the  map.  The  altitude  of  this  series  of 
lakes  range  from  1440  to  1660  feet,  although  the  level  shown  is  that  at 
1500  feet. 

There  is  a decided  “ gap  ” in  the  sand  plains  in  the  Saranac  levels 
at  about  155°  feet,  and  thus  it  would  be  proper  to  subdivide  the 
lake  into  upper  and  lower  phases,  but  as  the  lake  had  a succession 
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of  outlets  such  a simple  division  is  insufficient,  so  we  shall  regard 
the  Saranac  waters  as  a series  of  lakes.  The  chief  cause  for  the 
indefiniteness  of  the  levels  and  the  lack  of  shore-line  features  must 
be  attributed  to  the  fact  that  the  ice  was  the  barrier  in  many 
cases.  Many  one-bank  channels  exist,  showing  that  the  spillways 
were  constantly  being  lowered  by  the  melting  ice. 

The  lower  stages  of  the  Saranac  waters  were  chiefly  confined  to 
the  eastern  section,  as  can  be  seen  from  figure  5. 

Eastern  section.  St  Huberts  lake.  At  a lower  altitude  than  the 
Saranac  water  levels  there  are  scattered  over  the  area  sloping  ter- 
races of  indefinite  character  that  remind  the  writer  of  the  preceding 
plains.  They  are  regarded  as  subordinate  in  interest  to  the  preceding 
levels  and  to  those  which  are  described  below.  There  is  a small  but 
finely  developed  terrace  at  the  head  of  Keene  valley  at  1300  feet. 
This  level  surface  is  now  used  as  a baseball  diamond.  Taking  this  as 
a starting  point  the  other  terraces  seem  to  fit  in  with  the  general 
scheme,  and  hence  there  is  a possibility  of  a lake  level  in  the  series 
that  once  flooded  portions  of  the  Lake  Placid  quadrangle.  The  most 
prominent  remnant  left  of  thi3  level  is  on  the  northeast  slopes  of 
Owls  Head  now  traversed  by  the  Keene-Cascade  highway.  Its 
outlet  was,  without  much  doubt,  through  the  gulf,  south  of  Ellis 
and  Black  mountains  in  the  Ausable  sheet  to  the  east,  the  spillways 
being  controlled  by  one-bank  channels  which  are  beautifully  shown 
on  the  southeast  slopes  of  Black  mountain. 

Lower  series : confined  entirely  to  the  eastern  section. 

In  descending  from  the  higher  lake  levels  to  the  lower  ones,  the 
character  of  the  terraces  changes  from  indefinite  levels  of  consid- 
erable range  to  neat,  clear-cut  deltas,  wave-cut  cliffs  and  beaches 
confined  within  concise  limits.  No  question  can  be  raised  as  to  the 
origin  of  many  of  them.  They  represent  remains  of  true  glacial 
lakes. 

Wilmington  lake.  The  history  of  the  Wilmington  lake  is,  per- 
haps, the  best  understood  of  all  these  local  lakes.  It  was  chiefly 
confined  to  the  Lake  Placid  sheet,  to  the  East  branch  of  the  Ausable 
river,  and  to  the  territory  around  the  town  of  Wilmington;  and 
stretches  northward  to  Lower  Jay.  (See  figure  6.) 

The  altitude  is  1100  feet  at  the  foot  of  Johns  brook  in  Keene 
valley  where  a typical  delta  was  developed.  One  and  one-half 
miles  southeast  of  the  town  of  Keene,  on  the  state  road  at  Norton 
cemetery,  there  is  an  excellent  display  of  a bisected  delta.  Around 


Plate  24 


H.  L.  Ailing,  photo,  1915 

portion  of  the  terrace  of  Glacial  Lake  Wilmington,  one-half  of  a mile  west  of  Wil- 
mington. Looking  south. 
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the  town  of  Wilmington  the  development  of  the  terraces  is  excep- 
tionally fine  and  thus  the  name  is  not  inappropriate.1 

As  one  investigates  the  terraces  of  the  Wilmington  lake  from 
south  to  north  in  this  area  and  in  the  Ausable  quadrangle,  the 
altitude  rises  at  a rate  of  approximately  3 feet  a mile  and  clearly 
illustrates  postlacustrine  deformation.  The  subject  of  uplift  and 
tilting  will  be  more  fully  treated  beyond.  A number  of  beaches 
of  the  lake  are  beautifully  shown  on  a hill  a mile  directly  north  of 


Fig.  6 The  Glacial  Lake  succession  in  the  Lake  Placid  quadrangle. 
Stage  five. 

St  Huberts  lake  that  succeeded  the  Saranac  glacial  waters  is  not  shown 
in  this  series  of  maps.  The  lake  that  followed,  the  Wilmington  lake, 
with  an  altitude  of  1100  feet  is  given  here.  The  outlet  was  to  the  east, 
through  the  gulf. 


1 Kemp,  J.  F.,  N.  Y.  State  Mus.  Bui.  21,  p.  60. 
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Keene,  called  by  the  writer  “ Keene  hill.”  Here  the  altitude  is  1113 
feet.  Farther  north  we  find  the  outlet  channel  spillway  at  1155  feet. 
This  level,  compared  with  the  1 loo-foot  delta  above  mentioned, 
gives  on  calculation  a deformation  of  2.94  feet  a mile. 

Outlet.  Once  more  we  must  depart  from  the  Lake  Placid  quad- 
rangle and  consult  the  Ausable  sheet  to  find  the  outlet.  As  can  be 
inferred  from  figure  6 an  ice  lobe  lay  in  the  valley  of  the  East 
branch  of  the  Ausable  river  with  its  southern  wall  at  Lower  Jay. 
Another  body  of  ice  blocked  the  narrow  valley  now  occupied  by 
Trout  pond.  Thus  northward  escape  was  prevented.  The  waters 
of  the  lake  found  outlet  to  the  east  through  the  gulf,  a narrow  and 
deep  faultline  valley,  south  of  Ellis  and  Black  mountains.  In  this 
interesting  channel  there  are  a number  of  Pleistocene  cataracts,  but 
unfortunately  the  topography  is  incorrectly  drawn  and  they  fail  to 
appear  on  the  survey  map.  At  the  eastern  end  of  the  gulf,  on  the 
boundary  between  the  townships  of  Jay  and  Chesterfield,  the  river 
turns  to  the  southeast  making  a series  of  little  ponds,  which  are  really 
plunge  basin  lakes  at  the  base  of  former  cataracts.  Of  the  group 
the  remarkably  beautiful  Copperas  pond  is  the  most  striking 
example. 

Beaches  versus  stream  terraces.  Below  the  Wilmington  lake 
level,  on  the  mountain  slopes,  in  the  Ausable  valley,  a number  either 
of  benches  or  stream  terraces  have  been  found  and  their  altitudes 
measured.  The  question  of  origin  arises,  naturally,  in  individual 
cases.  Many  of  them  are  probably  shore-line  features  formed  by 
glacial  lakes,  while  others  are  stream  meander  terraces  formed  by  the 
postglacial  Ausable  in  cutting  its  way  through  the  glacial  sands. 
A discrimination  between  the  two  is  often  impossible,  thus  leaving 
the  identification  of  succeeding  lake  levels  extremely  unsatisfactory. 
Typical  examples  are  the  levels  on  the  “ Keene  hill,”  a mile  directly 
north  of  Keene  (see  plate  25).  The  following  are  the  altitudes 
the  writer  has  obtained  by  the  use  of  two  aneroid  barometers  checked 
against  a barograph  and  spirit  leveling:  1146,  1113  (Wilmington 

beach),  1037,  1017.7,  993.9,  985.7,  925.7  feet.  The  mean  height  of 
the  river  at  this  point  is  816  feet.  The  origin  of  the  lower  ones  is  a 
disputed  question.  D.  W.  Johnson  regards  them  as  stream  terraces, 
while  Fairchild  and  Chadwick  attribute  them  to  glacial  lakes. 

Another  series,  in  the  Ausable  sheet,  il/2  miles  northeast  of 
Lower  Jay  on  a similar  hill  (the  “Lower  Jay  hill”),  has  been 
recorded  as  follows:  1046,  1043,  1024,  997,  917.5,  908  (wave-cut 
cliff),  880  and  857  feet.  The  river  is  a mile  distant  to  the  west, 


Plate  25 


H.  L.  Ailing,  photo,  1916 

Probable  glacial  lake  beaches  i mile  north  of 
Keene,  looking  north.  Altitudes : 925.7,  985.7,  993.9, 
and  1017. 7 feet. 


Plate  26 


H.  L.  Ailing,  photo,  1916 

Stream  terraces  or  glacial  lake  breaches  above  Upper  Jay,  east  side  of  the  Ausable  river. 
Looking  east  from  the  state  highway  Altitudes  738^2  and  747^/2  feet. 
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Plate  27 


H.  L.  Ailing,  photo,  1916 

Stream  terrace  or  glacial  lake  beach  east  of  Upper  Jay.  Looking  north.  Altitude  747^2 

feet. 
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while  the  best  development  of  the  levels  is  on  the  east  side  of  the 
hill.  Here  glacial  lake  origin  seems  certain.  To  the  writer  they 
have  exactly  the  same  appearance  as  those  on  the  hill  near  Keene.1 
Other  groups  of  benches  in  the  Lake  Placid  quadrangle  are  impor- 
tant. On  the  hill  north  of  the  junction  of  Clifford  brook  (the 
“ Clifford  hill  ”)  and  the  Ausable,  a series  shows  the  following 
figures:  1074,  1070,  1020,  967  and  964.  These  are  perhaps  lacus- 

trine in  character,  especially  the  964-foot  level  which  Johnson 
admits  is  a wave-cut  cliff. 

On  the  east  bank  of  the  river  2V2  miles  north  of  Keene  (“  Quarry 
point”)  a series  of  probable  stream  terraces  ranges  as  follows: 
1028,  970,  921,  912.5,  903,  879  and  859.  Doctor  Johnson  examined 
them  carefully  with  the  writer  and  pronounced  them  the  work  of 
the  river;  he  likewise  so  regarded  the  terraces  east  of  Upper  Jay 
(See  plates  26  and  27). 

(Following  the  lead  of  Woodworth,2  the  writer  has  plotted  upon  a 
north  and  south  plane  the  above  data  of  beaches,  terraces  and  sand 
plains  to  see  how  they  correlate  among  themselves  and  with  the 
proposed  spillways  (see  figure  8),  taking  into  account  the  post- 
lacustrine  deformation  and  the  20°  inclination  of  the  isobases. 
This  was  done  on  the  basis  of  Fairchild’s  recent  studies  which 
furnish  the  approximate  total  uplift  and  amount  of  differential 
tilting  for  the  area  by  means  of  isobases.  It  is  interesting  to  note 
that  a large  number  of  these  disputed  levels  fit  into  the  general 
scheme  and  thus  strongly  suggest  glacial  lake  origin.  The  writer 
is  not,  however,  unmindful  that  pure  coincidence  may  bring  into 
line  a group  of  stream  terraces  that  really  have  no  relation  to  one 
another.  After  lining  up  all  available  data  there  remained  isolated 
figures  that  are  impossible  to  pigeon  hole.  It  is  quite  possible  that 
with  more  careful  examination  in  the  field  corresponding  levels 
will  be  found,  but  as  the  matter  now  stands  there  is  some  doubt  as 
to  the  character  of  some  of  the  levels.  With  this  uncertainty  in 
mind  we  shall,  however,  now  discuss  the  next  level,  which  probably 
represents  a glacial  lake. 

Upper  phase  of  the  Upper  Jay  lake.  The  Upper  Jay  lake,  like 
its  predecessor,  the  Wilmington  lake,  has  left  terraces  and  beaches 
that  are  very  definite  in  character.  One  of  the  beaches  on  the 
“ Keene  hill  ” is  1017.7  feet  in  altitude,  while  a similar  one  on  the 

1 Compare  pi.  22,  fig.  2,  facing  p.  658  in  Bui.  Geol.  Soc.  Amer.,  v.  27. 

2 Woodworth,  J.  B.,  Ancient  Water  Levels  of  the  Champlain  and  Hud- 
son Valleys,  N.  Y.  State  Mus.  Bui.  84,  pi.  28. 
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“ Lower  Jay  hill  ” presents  a beach  at  1046  feet.  This  gives  upon 
calculation  an  uptilt  to  the  shore  line  of  2.80  feet  a mile.  The  out- 
let of  the  lake  is  not  definitely  known,  but  a pass  one-half  of  a mile 
directly  south  of  Haystack  mountain  in  the  Ausable  quadrangle 
(not  the  mountain  of  the  same  name  in  the  Marcy  range)  has  an 
altitude  (1153  feet)  that  gives  the  proper  figure  when  the  tilting 
is  calculated.  When  visited,  however,  this  pass  did  not  show  evi- 
dences of  stream  action.  The  area  is  entirely  fine  sand,  but  farther 
north  a possible  channel,  1^2  miles  north  of  Bald  mountain,  is  sug- 
gested as  a more  probable  control. 


Fig.  7 The  Glacial  Lake  succession  in  the  Lake  Placid  quadrangle. 
Stage  six. 

Following  the  Wilmington  lake,  the  Upper  Jay  lake  formed  in  the  valley 
of  the  East  Branch  of  the  Ausable  river.  The  lower  levels  are  not  shown 
in  this  series. 

Lower  phase  of  the  Upper  Jay  lake.  A lower  phase  of  the 
Upper  Jay  lake  is  indicated  by  beaches  on  the  “ Keene  hill  ” at 
993.9  feet  and  a beach  at  999.5  feet  on  the  slopes  of  Oak  ridge  and 
a level  at  1024  feet  on  the  “ Lower  Jay  hill.”  These  figures  give 
the  value,  2.75  feet  a mile  for  the  tilt. 

Haselton  lake . A possible  lake  with  an  altitude  of  967  feet 
around  the  town  of  Keene  has  left  terraces,  wave-cut  cliffs  and 


Plate  28 


H.  L.  Ailing,  photo,  191 0 

Stream  meander  scarp  terraces  near  the  junction  of  Clifford  brook  and  the  Kast  branch  of 
the  Ausable  river.  Altitudes:  904,  973,  and  1026  feet. 


Plate  29 


Ailing,  photo,  1916 
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beaches.  The  amount  of  tilt  based  upon  the  wave-cut  cliff  on  the 
“ Clifford  hill  ” at  964  and  a level  on  the  “ Lower  Jay  hill-”  with  a 
figure  of  997  is  2.71  feet  a mile.  Relatively  small  sand  plains  of 
this  lake  are  well  shown  about  the  town  of  Haselton  village  in  the 
Lake  Placid  sheet. 

The  controlling  outlet  is  unknown,  but  the  writer  offers  the  sug- 
gestion that  it  may  have  been  a one-bank  channel  on  the  north  side 
of  Haystack  mountain  (Ausable  sheet)  carrying  the  waters  east, 
for  there  is  some  evidence  of  water  action  in  that  region. 

Lower  Jay  lake.  This  lake  level  is  very  definite  and  no  ques- 
tion seems  to  exist  as  to  its  nature,  although  the  “ Lower  Jay  hill  ” 
does  not  show  a corresponding  level.  About  Keene  there  are  wave- 
cut  terraces  at  930  and  930.5  feet.  A well-preserved  terrace  bottom 
is  located  iy2  miles  south  of  Upper  Jay  with  an  average  height  of 
930  feet  (see  plate  30),  and  likewise  a fine  sandy  plain  on  the 
western  edge  of  the  Lake  Placid  quadrangle  which  continues  on 
to  the  Ausable  sheet  where  we  find  Otis  brook  flowing  on  the  east- 
ern edge.  Here  the  altitude  is  about  940  feet.  We  have  not 
sufficient  data  to  calculate  the  amount  of  tilt. 

Otis  lake.  The  level  called  the  Otis  lake  is  one  of  the  more 
doubtful  levels,  as  sufficient  data  are  not  at  hand  to  determine 
whether  it  is  a lake  feature  or  a system  of  stream  terraces.  If  we 
take  a level  that  Johnson  regards  as  a stream  terrace  1%  miles 
north  of  Keene  at  903  feet  and  a beach  on  the  “ Lower  Jay  hill  ” 
at  917.5  feet,  we  obtain  an  unsatisfactory  value  of  2 feet  a mile  for 
the  tilt,  which  of  itself  seems  to  cast  some  doubt  upon  the  glacial 
lake  origin  of  the  level.  Errors  in  the  measurements  may,  how- 
ever, be  a contributing  cause  for  the  discrepancy. 

Rocky  Branch  lake.  Rocky  Branch  lake  is  recognized  on  the 
basis  of  three  terraces  around  the  villages  of  Upper  and  Lower 
Jay,  and  upon  some  of  the  disputed  levels.  The  latter  are  ij4 
miles  north  of  Keene,  858  feet,  and  on  the  **  Lower  Jay  hill  ” at 
880  feet,  giving  a tilt  of  about  3 feet  a mile,  which  is  approximately 
the  expected  value.  Although  the  outlet  is  unknown,  the  terraces 
are  definite  in  character  and  thus  this  level  should  rank  as  definitely 
settled. 

Clifford  lake.  This  is  the  last  and  lowest  of  the  levels  definitely 
recognized  within  the  confines  of  the  Lake  Placid  quadrangle.  Its 
origin  is  still  in  doubt,  although  a warp  of  2.70  feet  to  the  mile  is 
indicated  by  a beach  or  stream-terrace  a mile  south  of  Upper  Jay 


Plate  30 


Looking  north.  Altitude  930  feet. 
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at  an  altitude  of  833.5,  and  another  one  on  “ Lower  Jay  hill  ” at  857 
feet. 

Lower  lake  levels.  At  still  lower  altitudes  several  more  of  these 
perplexing  levels  were  found,  but  as  they  are  largely  outside  the 
Lake  Placid  quadrangle  they  will  not  be  discussed.  Suffice  to  say, 
the  most  prominent  level  in  the  lower  Ausable  valley  is  the  marine 
plain  in  the  vicinity  of  Ausable  Forks.  Here  the  measured  altitudes 
agreed  within  a foot  of  the  value  called  for  by  Fairchild’s  figures. 

Cause  of  the  large  amount  of  material  available  for  the 
formation  of  terraces.  One  of  the  striking  features  of  the  glacial 
geology  of  the  Adirondacks  is  the  small  amount  of  true  morainal 
material1  unmodified  by  water2  as  contrasted  with  the  vast  quanti- 
ties of  sand  and  gravel  in  deltas,  terraces  etc.,  when  compared  with 
other  districts,  such  as  the  Catskill  mountains.  The  following  hypo- 
thesis is  offered  to  account  for  this.  It  is  generally  conceded  that 
with  the  return  of  warmer  climate  the  Adirondacks  were  completely 
surrounded  by  a vast  ring  of  ice  that  isolated  the  Adirondack  high- 
land from  the  rest  of  the  state.3  It  was  during  this  stage  that  the 
glacial  lakes  here  described  existed.  The  great  ice  sheet  undoubtedly 
destroyed  all  vegetable  life  in  both  the  Adirondacks  and  the  Catskills, 
but  in  the  latter  case  the  ice  retreated  northward  as  an  irregular  edge 
which  allowed  vegetable  life  to  follow  the  ice  in  its  withdrawal. 
This  condition  was  not  possible  in  the  Adirondacks  where  the  ice 
ring  prevented  much  if  any  encroachment  on  the  part  of  plants 
into  the  ice-deforested  area.  In  the  Catskill  region  the  glacial  drift 
was  anchored  by  the  roots  of  newly  growing  shrubs  etc.  and  thus 
it  was  not  easily  washed  by  the  streams  into  the  standing  waters 
in  the  valleys  below,  so  a large  amount  of  the  drift  still  remains  on 
the  slopes.  On  the  contrary,  the  glacial  debris  in  the  Adirondacks 
was  not  anchored  and  most  of  it  has  been  carried  down  into  the 
valley  bottoms  and  there  worked  over  into  lake  deposits. 

Postlacustrine  deformation  and  tilting.  It  has  been  pointed 
out  that  at  the  maximum  extent  of  the  Wisconsin  ice-body,  the 
load  upon  the  land  surface  must  have  been  tremendous  and  must 
have  compressed  the  land  below  its  former  level.4  Since  the  ice  was 


Pushing,  H.  P.,  N.  Y.  State  Mus.  Bui.  115,  p.  495. 

2 Ogilvie,  I.  H.,  Jour.  Geol.,  10:397-412.  1902. 

3 Fairchild,  H.  L.,  N.  Y.  State  Mus.  Bui.  160,  pi.  11. 

4 This  subject  of  deformation  has  not  received  the  attention  of  struc- 
tural geologists  in  the  light  of  isostasy. 
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thicker  in  the  north  than  in  the  south,  the  amount  of  deformation 
was  greater  in  the  northern  part  of  the  State.  With  the  removal  of 
the  load  by  the  melting  of  the  ice  the  land  has  “ sprung  ” back,  thus 
elevating  the  surface,  tilting  the  shore-line  features  of  the  glacial 
lakes.  It  has  been  shown  by  Fairchild1  that  the  character  of  the 
postlacustrine  uplift  was  a lifting  in  the  form  of  a warped  plane 
with  the  amount  of  warping  greater  to  the  north.  The  lines  of  equal 
uplift  since  the  marine  level  are  inclined  west-northwest  to  the 
east  south-east  (20°  from  the  latitude  parallels).  The  zero  isobase 
passes  far  south  of  New  York  City.  The  6oo-foot  isobase  enters 
the  Lake  Placid  quadrangle  at  the  very  southeast  corner  of  the  map. 
The  northeast  corner  is  cut  by  the  648-foot  isobase.  These  figures 
give  the  total  uplift  for  the  region  since  the  marine  waters  occupied 
the  Hudson-Champlain  strait.  The  figure  for  the  amount  of  tilting 
for  this  datum  plane  in  this  region,  is  2.71  feet  a mile  taken  along  a 
north  and  south  line,  or  2.83  feet  perpendicular  to  the  isobases. 

Although  Fairchild’s  papers  form  a very  valuable  contribution 
to  this  subject,  there  exists  some  uncertainty  as  to  the  character 
of  the  uplift.  (1)  Was  the  upward  movement  gradual  and  uni- 
form or  (2)  was  it  in  the  nature  of  a wave  or  a series  of  sudden 
uplifts?  The  writer  believes  that  the  problem  will  be  clarified  by 
the  measurement  of  beaches,  deltas  etc.  situated  at  higher  levels 
than  the  marine  plain  to  supplement  those  mapped  at  the  lower 
altitudes.  The  shore  phenomena  of  the  lakes  above  described 
afford  an  opportunity  to  determine  the  amount  of  tilt  of  the  land 
surface,  for  they  furnish  a series  of  datum  planes  higher  than 
those  in  the  Champlain  valley,  which  was  occupied  by  ice  during 
the  entire  period  that  the  lakes  existed.  Fairchild  believes  that  his 
figures  give  the  total  uplift  since  glacial  time.  The  writer  feels, 
however,  that  this  conclusion  is  based  upon  the  state  of  affairs  that 
prevailed  during  and  after  the  marine  stage  and  overlooks  the 
shore  phenomena  of  higher  lake  levels.  Although  accurate  meas- 
urement of  the  amount  of  tilt  of  the  lake  levels  of  the  Lake  Placid 
quadrangle  is  an  extremely  difficult  matter  (for  the  chance  of 
error  is  great),  the  table  given  below  would  indicate  that  the  uplift 
was  taking  place  while  the  ice  was  melting  from  the  area. 


1 Fairchild,  H.  L.,  Pleistocene  Uplift  of  New  York  and  Adjacent  Ter- 
ritory, Bui.  Geol.  Soc.  Amer.,  27 1235-62.  Post-glacial  Marine  Waters  in 
Vermont,  Rep’t  of  Vt.  State  Geol.  for  1915,-1916,  p.  1-41.  1917. 
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Fig.  9 Remains  of  the  glacial  lakes  in  the  Lake  Placid  quadrangle. 

Some  of  the  doubtful  “ lower  levels  ” are  included  under  the  head  of  the  Rocky  Branch  lake. 
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Deformation  table  for  the  lower  series  of  lakes  in  the  quadrangle 


Lake 

Wilmington  

Upper  phase  of  Upper  Jay., 
Lower  phase  of  Lower  Jay 

Haselton  

Lower  Jay  

Otis  

Rocky  branch  

Clifford  

Marine  level  


Altitude 
in  feet 
noo 
1016 

994 

967 

930 

903 

860 

835 

648 


Calculated  tilt, 
feet  a mile 

2.94 

2.80 
2-75 
2.7 1 


2.70 

2.71 


The  writer  came  to  the  same  conclusion  in  1916  although  at  that 
time  his  data  were  not  so  accurate  as  those  now  available,  and 
hence  the  figures  are  slightly  different. 

It  will  be  noticed  that  the  rate  of  tilt  decreases  as  one  passes 
from  Lake  Wilmington  to  Lake  Haselton ; the  tilt  of  the  latter 
appears*  to  be  the  same  as  that  of  the  marine  plain.  If  any  con- 
fidence can  be  placed  in  the  figures,  it  would  seem  that  the  lakes 
below  and  including  Haselton  drained  directly  into  the*  marine 
waters.  Since  warping  is  a function  of  uplift,  it  would  appear 
that  the  total  amount  of  uplift  for  the  quadrangle  since  glacial 
times  is  greater  than  the  amount,  600  feet  (for  the  southeast  cor- 
ner), proposed  by  Fairchild. 
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HISTORICAL  GEOLOGY1 

Precambrian  History 

The  oldest  records  of  the  Lake  Placid  quadrangle  are  written  in 
the  rocks  of  the  Grenville  series.  A most  conservative  estimate  by 
geologists  gives  the  age  of  the  Grenville  strata  as  no  less  than  25 
or  30  million  years,  but  it  must  be  admitted  that  we  have  no 
means  of  accurately  measuring  geologic  time  in  years.  Since  the 
Grenville  rocks  are  distinctly  stratified,  very  thick  (many  thousands 
of  feet),  and  of  wide  areal  extent  not  only  throughout  the  Adiron- 
dacks,  but  also  in  eastern  Canada,  we  may  be  sure  that  the  earliest 
known  condition  of  the  area  of  the  quadrangle  was  a sea  in  which 
the  Grenville  sediments  were  accumulated  layer  upon  layer  on  the 
bottom. 

After  the  deposition  of  the  Grenville  strata  came  vast  intrusions 
of  molten  masses,  including  first  the  up  welling  of  the  great  body 
of  anorthosite  in  Essex  and  Franklin  counties,  and  second  the  still 
greater  syenite-granite  body,  these  two  igneous  series  being  by  far 
more  extensively  developed  than  any  other  rocks  of  the  quad- 
rangle.2 During  the  processes  of  intrusion  and  cooling  of  the 
magmas,  the  anorthosite  differentiated  into  the  Marcy  and  White- 
face  types,  and  the  syenite-granite  split  up  into  various  types  rang- 
ing from  rather  basic  (dioritic)  phases,  through  quartz  syenite, 
granitic  syenite,  and  granite  to  even  granite  porphyry.  The  syenite- 
granite  intrusion  appears  to  have  taken  place  not  long  (geologi- 
cally) after  the  anorthosite  intrusion  so  that  the  latter  was  still  hot, 
though  probably  not  molten,  and  it  was  locally  assimilated  along 
the  borders  of  the  invading  syenite-granite  magma,  thus  giving 
rise  to  the  rock  called  the  Keene  gneiss. 

The  whole  Adirondack  region  was  raised  well  above  sea  level 
most  likely  at  or  near  the  time  of  the  great  intrusions.  There  are 
strong  reasons  for  believing  that  none  of  the  rocks  were  ever  highly 
folded  by  orogenic  movements,  but  that  the  breaking  up  and 
tilting  of  the  Grenville  strata  resulted  from  the  upwelling  of  the 
great  bodies  of  magma;  that  the  metamorphism  of  the  Grenville 


1 A treatise  dealing  with  the  geography  and  geological  history  of  the 
Adirondack  region  in  somewhat  untechnical  language  was  prepared  by 
the  writer  and  was  published  as  Bulletin  193  of  the  State  Museum  under 
the  title  “The  Adirondack  Mountains.” 

2 As  already  suggested,  possibly  some  gabbro  now  represented  by  amphib- 
olite, was  intruded  before  the  anorthosite. 
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strata  preceded,  or  possibly  was  in  part  at  least  concomitant  with, 
the  great  intrusions ; and  that  the  foliated  character  of  the  intrusive 
rocks  is  essentially  a flow-structure  developed  under  moderate 
pressure  during  late  stages  in  the  consolidation  of  the  magmas. 

The  great  Precambrian  land  mass  just  referred  to  was  above 
sea  level,  and  underwent  weathering  and  erosion  for  some  millions 
of  years  at  least,  extending  through  later  Precambrian  time  and 
into  the  early  Paleozoic  era,  as  proved  by  the  facts  that  the  oldest 
rocks  deposited  upon  the  Precambrian  floor  are  of  late  Cambrian 
age,  and  that  the  rocks  of  this  Precambrian  floor  immediately 
below  the  Cambrian  strata  exhibit  textures  and  structures  which 
could  not  possibly  have  been  produced  except  at  very  considerable 
depths  below  the  earth’s  surface. 

Following  the  anorthosite  and  syenite-granite  intrusions  and,  for 
most  part  at  least,  during  the  long  time  of  erosion  above. men- 
tioned, came  the  minor  intrusions  of  gabbro-diorite,  gabbro,  peg- 
matite and  diabase.  Of  these,  the  diabase  is  the  youngest  with  the 
finest  grained  texture  showing  a cooling  of  the  rock  comparatively 
near  the  surface  of  the  earth.  In  the  Adirondack  region,  pegmatite 
dikes  commonly  cut  the  gabbro  and  hence  are  younger.  Whether 
the  gabbro  bodies  are  younger  or  older  than  the  gabbro-diorite  dikes 
of  the  Lake  Placid  quadrangle  could  not  be  positively  determined 
but  they  are  probably  younger. 

Paleozoic  History 

By  late  Cambrian  time  the  profound  erosion  above  referred  to 
had  worn  down  the  whole  Adirondack  region  to  a comparatively 
smooth,  low-lying  (peneplain)  surface.  This  is  proved  by  the  fact 
that  the  late  Cambrian  strata  (particularly  the  Potsdam  sandstone), 
which  are  the  oldest  to  have  been  deposited  upon  the  Precambrian 
rocks,  everywhere  rest  upon  a peneplain  surface  of  the  latter.  In 
the  northeastern  Adirondacks,  including  the  Lake  Placid  quad- 
rangle, this  peneplain  was  moderately  rough  with  some  hills  rising 
probably  several  hundred  feet  above  the  general  level,  but  of  course 
this  was  not  at  all  comparable  to  the  high,  rugged  relief  of  the 
present  day. 

The  best  available  evidence  indicates  that  the  ancient  peneplain 
became  sufficiently  submerged  during  late  Cambrian  time  to  allow 
the  sea  to  cover  all  but  a considerable  part  of  the  central  Adiron- 
dack area,  and  that  the  maximum  submergence  occurred  during 
mid-Ordovician  time  when  a still  smaller  part  of  the  central  Adi- 
rondack region  remained  as  a low  island.  Judging  by  the  marine 
4 
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character,  thickness  and  present-day  distribution  of  the  Cambrian 
and  Ordovician  strata,  the  late  Cambrian  sea  probably  covered 
some  of  the  area  of  the  Lake  Placid  quadrangle,  and  the  mid- 
Ordovician  sea  quite  certainly  covered  some,  or  possibly  most,  or 
all,  of  the  area  of  the  quadrangle.  However  extensive  the  Cam- 
brian and  Ordovician  rocks  may  once  have  been,  they  have  since 
been  completely  removed  by  erosion  from  the  area  of  the 
quadrangle. 

At  some  time  or  times  during  the  middle  or  late  Paleozoic  era 
the  whole  Adirondack  region,  then  largely  mantled  with  Paleozoic 
sediments,  was  raised  well  above  sea  level.  Some  of  this  upward 
movement  may  have  taken  place  at  the  time  of  the  Taconic  revolu- 
tion (at  the  close  of  the  Ordovician),  though  it  is  generally  con- 
sidered that  the  major  uplift  occurred  at  the  time  of  the  Appa- 
lachian revolution  (toward  the  close  of  the  Paleozoic).  In  north- 
ern New  York  this  upward  movement  was  not  accompanied  by' 
folding  of  the  rocks,  but  there  was  a general  tilting  of  the  strata 
downward  toward  the  south  or  southwest. 

Mesozoic  History 

The  erosion  cycle  inaugurated  by  the  Paleozoic  elevation  of 
northern  New  York  continued  for  a vast  length  of  time,  or  till 
late  in  the  Mesozoic  era  or  early  in  the  Cenozoic  era,  when  the 
Paleozoic  strata  were  largely  removed  from  the  Adirondack  area 
and  another  eroded  surface  approaching  the  condition  of  a pene- 
plain was  produced.  This  is  commonly  referred  to  as  the  Cre- 
taceous peneplain.  Apparently  this  peneplain  was  least  perfectly 
developed  in  the  central  and  east-central  Adirondack  area,  including 
the  area  of  the  Lake  Placid  quadrangle,  where  various  hard  rock 
masses  (monadnocks)  stood  out  more  or  less  prominently  above 
the  general  level.  This  peneplain  was  upraised  late  in  the  Mesozoic 
era  or  early  in  the  Cenozoic  era,  and  distinct  remnants  of  it  in 
northern  and  central  New  York  now  lie  at  altitudes  of  from  2000 
to  3000  feet  or  possibly  more  in  some  places.  Within  the  quad- 
rangle, however,  no ’very  accurate  idea  of  this  peneplain  or  its 
remnants  can  be  gained  because  it  was  only  imperfectly  developed 
there. 

It  is  quite  certain  that  much  of  the  faulting  which  has  so  largely 
influenced  the  major  topographic  features  of  the  eastern  and 
southern  Adirondacks  took  place  after  the  production  of  the 
so-called  Cretaceous  peneplain,  and  probably  at  the  time  of  its 
uplift.  Some  zones  of  fracture,  however,  like  the  Wilmington 
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notch  fault,  whose  displacements  show  little,  if  any,  in  the  existing 
topography,  are  probably  much  older,  and  they  may  in  part  at 
least  be  of  Precambrian  age.  Some  of  the  fracturing  is  certainly 
of  later  age  than  the  diabase  dikes  because  several  of  these  in  the 
Lake  Placid  quadrangle  have  been  crushed  by  the  faulting. 

Cenozoic  History 

The  major  existing  relief  features  of  the  Lake  Placid  quadrangle 
have  been  produced  chiefly  by  the  dissection  of  the  upraised  late 
Mesozoic  or  early  Cenozoic  peneplain.  As  a result  of  the  uplift 
the  streams  were  greatly  revived  as  erosive  agents,  and  they  pro- 
ceeded to  carve  out  channels  and  valleys  principally  along  the  com- 
paratively weak  belts  of  Grenville  rocks  and  the  fault  zones  of 
weakness. 

Late  in  the  Cenozoic  era  the  area  of  the  quadrangle,  in  common 
with  most  of  the  State,  was  deeply  buried  under  the  great  ice 
sheet  of  the  Glacial  epoch.1  The  continental  ice  body  in  passing 
across  the  quadrangle,  in  a south-southwesterly  direction,  removed 
the  residual  soil  of  interglacial  periods  and  subdued  the  contours 
of  the  mountains.  The  tongues  of  the  waning  ice  were  influenced 
by  the  topography,  as  is  shown  by  the  striae  and  the  ice  action  in 
the  narrow  valleys.  In  retreating  from  such  valleys  both  ends  were 
blocked  by  moraines,  usually  forming  basins  between  for  the 
accumulation  of  lakes.  Many  other,  but  more  open,  valleys  were 
dammed,  producing  lakes  such  as  Lake  Placid.  The  preglacial 
stream  valleys  were  likewise  blocked  and  in  some  localities,  as  in 
the  case  of  the  Ausable  river  near  Keene,  were  forced  to  seek  new 
channels. 

The  ice  sheet  left  a mantle  of  till  all  over  the  area  but  much  of 
it  has  been  washed  into  the  valley  bottoms  where  it  was  worked 
over  by  the  glacial  lakes  that  were  brought  about  by  the  ice 
damming  the  normal  drainage  lines.  Continuing  after  the  with- 
drawal of  the  ice  body  local  glaciers  persisted  for  a time  on  the 
slopes  of  the  higher  mountains,  as  is  indicated  by  the  moraine  in 
the  cirque  on  Esther  mountain. 

It  is  the  belief  of  the  writer  that  the  Lake  Placid  quadrangle 
was  situated  near  the  northeast  rim  of  the  ring  of  ice  that  sur- 
rounded and  isolated  the  Adirondack  highland  from  the  rest  of  the 
State  during  the  retreat  of  the  great  ice  sheet,  and  thus  the  north- 
ward-draining valleys  were  blocked,  preventing  the  escape  of  the 


1The  summary  of  the  Glacial  and  Postglacial  history  was  written  by  Mr 
If.  L.  Ailing. 
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vast  quantities  of  waters  which  flooded  the  district  with  lakes. 
These  bodies  of  water,  especially  at  the  higher  levels,  did  not  leave 
distinct  shore-line  features,  for  their  outlets  were  controlled  by  ice 
lobes  which  caused  constant  or  periodic  lowering  of  their  surfaces. 

The  district  covered  by  the  glacial  lakes  here  described  can  be 
divided  into  two  sections,  the  western  and  the  eastern.  It  is  con- 
tended that  the  western  section  was  the  first  to  be  relieved  of  ice, 
thus  giving  birth  to  the  South  Meadows  lake.  The  uncovering  of 
lower  outlets  to  the  west  extinguished  this  lake  which  was  suc- 
ceeded by  Upper  Lake  Newman.  During  this  stage  the  ice  lobe 
that  lay  in  the  East  branch  of  the  Ausable  river,  eastern  section, 
retreated  to  allow  the  Keene  lake  to  form,  with  its  drainage  to  the 
south.  Further  withdrawal  of  the  lobe  uncovered  the  Wilmington 
notch  and  thus  the  waters  of  the  Keene  lake  fell  to  the  level  of 
Upper  Newman,  bringing  about  a union  of  the  two  sections.  Suc- 
ceeding Upper  Newman,  Lower  Newman  held  the  stage  until  the 
lobe  in  the  Elizabethtown  valley  opened  the  side-outlet  channels 
in  the  center  of  the  Ausable  sheet,  then  the  Saranac  glacial  waters 
held  dominion,  draining  east.  During  the  lower  stages  the  western 
section  was  drained  and  only  the  eastern  section  was  flooded. 

On  leaving  the  higher  levels  we  descend  to  the  better  defined 
shore  lines  and  levels  left  by  lakes  whose  outlets  were  over  rock. 
The  Wilmington  lake,  drained  through  the  gulf,  and  the  Upper 
Jay  lake,  both  upper  and  lower  phases,  likewise  drained  to  the  east. 
The  impossibility  of  distinguishing  beaches  and  stream  terraces  in 
certain  cases  leaves  in  doubt  the  exact  nature  of  some  of  the  lower 
levels;  the  marine  plain  around  Ausable  Forks  being  the  most 
important  of  the  lower  series. 

The  nature  of  the  postlacustrine  uptilting,  which  inclined  the 
shore  lines  of  the  lakes  northward,  points  to  the  conclusion  that 
the  land  was  experiencing  uplift  and  warping  while  the  ice  was 
retreating  from  the  region.  The  total  amount  of  uplift  since  glacial 
times  for  the  quadrangle  was  greater  than  600  feet. 

STONE  QUARRIES  AND  MINES 

The  accompanying  geologic  map  shows  the  locations  of  nineteen 
stone  quarries  and  mines  or  prospect  holes. 

Road  Metal 

Excellent  rooks  for  use  in  the  construction  of  macadamized 
roads  occur  in  inexhaustible  quantities  within  the  quadrangle. 
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Most  of  the  rocks  actually  used  for  such  purposes  are  from  the 
anorthosite  and  the  syenite-granite  series.  These  make  a good 
grade  of  road  metal.  Quarries  have  been  opened  in  Marcy  anor- 
thosite iy2  miles  northeast  of  Upper  Jay,  and  at  the  southern  base 
of  Hamlin  mountain;  in  Whiteface  anorthosite  just  south  of  The 
Flume;  in  normal  syenite  at  the  eastern  base  of  Cobble  hill,  and 
near  High  fall ; in  a basic  phase  of  syenite  by  the  road  i mile  north 
of  Malcom  pond;  in  Grenville  and  Whiteface  anorthosite  mixed 
rocks  by  the  road  y/\  miles  north  of  Keene ; and  in  weathered 
Grenville  limestone  by  the  road  one-half  of  a mile  north  of  Frank- 
lin Falls. 

Building  Stone 

Fresh  rock  from  most  any  portion  of  the  great  intrusive  masses 
of  anorthosite  or  syenite-granite  would  yield  excellent  building 
stone  of  great  strength  and  durability,  and  often  of  unusual  beauty. 
Two  small  quarries  have  been  opened  at  the  southern  margin  of 
the  Pulpit  mountain  gabbro  stock  to  furnish  stone  for  the  construc- 
tion of  a nearby  reservoir.  No  other  building  stone  quarries 
worthy  of  special  representation  on  the  map  were  found  within 
the  quadrangle. 

Limestone  for  Lime 

There  are  several  quarries  from  which  Grenville  limestone  was 
obtained  many  years  ago  and  burned  to  lime  in  nearby  kilns.  These 
are  indicated  on  the  map  il/2  miles  north-northwest  of  Keene;  on 
the  hillside  3%  miles  north  of  Keene;  near  Woodruff  fall;  and 
just  west  of  Middle  Kilns. 

Iron  Ore 

There  are  two  localities  from  which  a little  magnetic  iron  ore 
was  obtained  many  years  ago.  One  of  these  is  a small  opening 
on  the  hillside  1 mile  west-southwest  of  Keene.  The  ore  occurs 
in  small,  irregular  masses  in  the  syenite  and  Grenville  mixed  gneiss 
area  apparently  as  segregation  masses  in  the  syenite. 

The  other  locality  is  near  the  eastern  base  of  Marble  mountain 
about  1 y2  miles  southwest  of  Wilmington.  There  are  two  small 
openings  in  a rather  coarse  phase  of  Whiteface  anorthosite,  the 
magnetite  occurring  as  irregular  masses  up  to  an  inch  across  in  a 
pegmatite  dike. 

Graphite 

As  above  stated,  graphite  (so-called  “ black  lead”)  often  occurs 
in  small  flakes  in  the  Grenville  limestone  and  certain  of  the  schists 
and  gneisses.  So  far  as  the  writer  could  learn,  there  have  been  only 
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two  attempts  to  mine  this  mineral  within  the  quadrangle,  this  having 
been  in  a small  opening  in  the  little  area  of  Grenville  limestone 
one-half  of  a mile  south-southeast  of  Franklin  Falls.  The  lime- 
stone contains  numerous  flakes  of  graphite,  but  apparently  a vein 
of  fibrous  graphite  less  than  an  inch  wide  in  the  limestone  was 
the  center  of  interest. 

Mr  Ailing  has  described  a recent  attempt  to  develop  a graphite 
mine  2^2  miles  west-northwest  of  Wilmington  on  the  side  of 
Wilmington  mountain.1  This  work  has  been  done  since  the  writer’s 
survey  of  the  region.  According  to  Ailing  the  last  operations  were 
in  the  spring  of  1917.  Several  prospect  pits  or  small  shafts  were 
sunk.  The  main  rock  is  a coarsely  crystalline  Grenville  limestone 
with  large  flakes  of  graphite.  Associated  with  this  limestone  are 
some  green  pyroxene  and  red  garnet  rocks,  and  some  basic  peg- 
matite. 


1 N.  Y.  State  Mus.  Bui.  199.  1918,  p.  36-37- 
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Saranac  quadrangle,  76,  80,  81,  83 

Saranac  river,  10,  27 

Schists,  12,  101 

Schroon  lake  sheet,  30,  81 

Scott’s  cobble,  79 

Sentinel  range,  6,  9,  17,  30,  47,  69,  70, 
73,  79 
Shales,  12 

Silver  lake,  39,  40,  41,  54,  74 
South  Meadows  lake,  77-79,  80,  83, 
100. 

Spruce  hill  pass,  81 
Still  brook,  39 
Structural  geology,  64-70 
Styles  brook,  15,  35,  70,  84 
Sunrise  mountain,  21 
Sunrise  notch  area,  47,  48,  51 
Syenite,  13,  32,  33,  45,  101 ; basic 
phase  of,  37,  101 ; granitic,  38 
Syenite-granite  mixed  gneisses,  55- 
57 

Syenite-granite  series,  11,  13,  34-41, 
49,  101 ; foliation  of,  66 
Syenite-pegmatite  dikes,  42 

Taylor,  F.  B.,  cited,  76 
Taylor  pond,  74 

Terraces,  88;  causes  of  amount  of 
material  available  for,  93 
Tilting,  postlacustrine,  93 


o6 


NEW  YORK  STATE  MUSEUM 


Tom  Peck  pond,  13 
Trout  pond,  88 
Tupper  Lake  Junction,  52 

Undercliff,  21 

Upper  Jay,  5,  13,  20,  22,  30,  32,  35, 
52,  53,  60,  62,  70,  73,  89,  92,  101; 
area  near,  15,  46,  51 
Upper  Jay  lake,  89,  90,  95,  100 
Upper  Lake  Newman,  79-81  82,  83, 
100 

Van  Dorrien  pass,  78,  79 

West  Branch  Ausable  river,  10,  22, 
24,  37,  61,  62,  81,  83 
West  Kiln,  6,  13,  15,  40 
West  Ivilns-Middle  Kilns  area,  15 
Whiteface  anorthosite,  11,  17,  21-25, 
27,  29,  31,  32,  33,  34,  37,  39,  41,  42, 


43,  46,  47,  48,  49,  50,  5L  52-55,  55- 
57,  60,  62,  63,  64,  69,  75,  96,  101 
Whiteface  brook,  37 
Whiteface-Esther-Wilmington  mas- 
sif, 77 

Wilmington,  5,  10,  17,  22,  .32,  42,  63, 
84,  86,  87,  101,  102 
Wilmington  beach,  88 
Wilmington  lake,  86-88,  89,  90,  95, 
100 

Wilmington  mountain,  9,  11,  15,  22, 
33,  37,  39,  50,  54,  70,  102 
Wilmington  notch,  10,  12,  14,  37,  56, 
73,  77,  80,  82,  83,  100 
Wilmington  notch  fault,  68,  98 
Winch  pond,  14 
Wisconsin  glaciation,  71 
Woodruff  fall,  16,  39,  40,  101 
Woodworth,  J.  B.,  cited,  89 


New  York  State  Museum  Bulletin 

Entered  as  second-cass  matter  November  27,  1915,  at  the  Post  Office  at  Albany,  New  York, 
under  the  act  of  August  24,  1912 

Published  monthly  by  The  University  of  the  State  of  New  York 


No.  213,  214  ALBANY,  N.  Y.  September  and  October,  1918 


The  University  of  the  State  of  New  York 

New  York  State  Museum 

John  M.  Clarke,  Director 


GEOLOGY  OF  THE  SCHROON  LAKE 
QUADRANGLE 


By 

WILLIAM  J.  MILLER 


PAGE 


General  geographic  features 5 

General  geologic  features  and 

publications 7 

Precambrian  rocks 10 

Paleozoic  rock  outliers 62 


PAGE 


Structural  geology 71 

Pleistocene  geology 83 

Summary  of  geological  history ...  93 

Mines  and  quarries 96 

Index 101 


<k 


1 


■ 


The  University  of  the  State  of  New  York 
Science  Department,  November  12,  1918 

Dr  John  H.  Finley 

President  of  the  University 

Sir: 

I transmit  to  you  herewith  and  recommend  for  publication  as  a 
Bulletin  of  the  State  Museum,  a manuscript  entitled  Geology  of 
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GEOLOGY  OF  THE  SCHROON  LAKE  QUADRANGLE 

By  WILLIAM  J.  MILLER 

GENERAL  GEOGRAPHIC  FEATURES 

The  Schroon  Lake  quadrangle  1 represents  an  area  of  approxi- 
mately 215  square  miles  in  the  central-eastern  portion  of  the  Adi- 
rondack mountain  region.  The  territory  is  all  in  Essex  county 
except  the  southern  margin,  which  lies  in  Warren  county.  All  the 
quadrangle  is  rugged,  moderately  mountainous,  and  mostly  a 
wilderness,  in  these  respects  being  quite  typical  of  the  10,000  square 
miles  of  the  Adirondack  region. 

The  southern  half  of  the  quadrangle  is  less  rugged  than  the 
northern  and  contains  several  farms,  roads  and  villages.  Schroon 
Lake,  the  largest  village,  is  a well-known  summer  resort  situated 
near  the  northern  end  of  the  lake  of  the  same  name.  The  other 
principal  villages  are  Minerva,  Olmstedville,  South  Schroon  and 
Adirondack. 

No  railroad  enters  the  quadrangle,  the  nearest  being  the  Adi- 
rondack branch  of  the  Delaware  and  Hudson  with  stations  at 
Riverside  and  North  Creek  in  the  northern  portion  of  the  quad- 
rangle next  to  the  south. 

The  northern  half  of  the  quadrangle  is  notably  more  mountain- 
ous and'  less  settled,  there  being  but  one  traveled  highway  (the 
Newcomb  and  Port  Henry  road)  across  it.  All  the  permanent 
settlements  of  the  northern  portion  of  the  quadrangle,  including 
the  little  village  of  Blue  Ridge,  are  located  on  this  road. 


1 See  map  in  pocket  of  back  cover  of  this  bulletin. 
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Both  the  highest  and  most  rugged  mountains  are  in  the  north- 
eastern one-fourth  of  the  quadrangle.  Hoffman  mountain  is  the 
highest  with  an  altitude  of  3715  feet,  but  it  does  not  stand  out  as 
a conspicuous  peak  because  it  is  simply  the  loftiest  of  a considerable 
group  of  mountain  summits  in  this  vicinity.  In  this  northeastern 
quarter,  no  other  mountain  rises  to  3500  feet,  but  several  lie 
between  3000  and  3500  feet,  like  Wolf  Pond  mountain  (3473), 
Ragged  mountain  (3290),  Sand  Pond  mountain  (3040),  Texas 
ridge  (3212),  and  several  unnamed  points  on  Blue  ridge. 

In  the  northwestern  quarter  of  the  quadrangle  the  country  is 
notably  less  mountainous,  the  highest  summits  being  Bailey  hill 
(3115),  the  western  peak  of  Sand  Pond  mountain  (2970),  and 
Hewitt  Pond  hill  (2480-j-). 

In  the  southern  half  of  the  quadrangle  no  peak  rises  to  3000 
feet,  and  only  three  rise  to  2500  feet  or  more,  these  being  Ore 
Bed  mountain  (2856),  a peak  1 mile  northeast  of  Ore  Bed  moun- 
tain (2584),  and  Hayes  mountain  (2822).  A number  of  others 
have  altitudes  between  2200  and  2500  feet,  among  them  being 
Cobble  hill,  Oliver  hill,  Beech  hill,  Pine  hill,  Green  hill,  Moxham 
mountain,  and  a group  of  points  around  BarneS  pond. 

There  is  a marked  tendency  for  the  mountains  and  valleys  to 
show  a north-northeast  by  south-southwest  trend.  Among  the  more 
or  less  well-defined  ridges  are  the  following:  from  Bailey  hill, 
through  Hayes  and  Ore  Bed  mountains,  to  Moxham  mountain  (12 
miles)  ; from  north  of  Ragged  mountain,  through  Sand  Pond  moun- 
tain, Washburn  ridge,  and  Bigsby  hill,  to  south  of  Oliver  hill  (14 
miles)  ; Texas  ridge  (3  miles)  ; Blue  ridge  (7  miles)  ; Beech  hill 
to  south  of  Pat  pond  (6  miles)  ; and  from  Dirgylot  hill,  through 
Severance  hill,  Hedgehog  hill,  and  Merrills  hill,  to  Ledge  hill 
(10  miles).  For  the  most  part  these  ridges  are  separated  by 
narrow,  nearly  straight  valleys.  The  most  notable  exception  is 
the  fairly  well-defined  east-west  valley  which  the  road  follows 
across  the  northern  part  of  the  quadrangle. 

Schroon  river,  by  means  of  a network  of  tributaries,  drains  all 
the  area  of  the  quadrangle  except  most  of  the  northeastern  por- 
tion, which  is  drained  by  Boreas  river.  Both  the  Schroon  and  the 
Boreas  pass  into  the  Hudson  river. 

Altogether,  there  are  about  30  lakes  and  ponds,  the  largest  being 
Schroon  Hke  with  7 miles  of  its  length  within  the  quadrangle. 
Next  largest  are  Cheney  pond  nearly  2 miles  long,  and  Hewitt 
pond  about  1 mile  long. 


Plate 


W.  J.  Miller,  photo,  1916 

General  view  of  the  mountains  looking  north  and  northeast  from  Warren’s  hotel,  i mile  southeast  of  Bailey  pond. 

Texas  ridge  on  the  right  and  Hoffman  notch  on  the  left 
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GENERAL  GEOLOGIC  FEATURES  AND  PUBLICATIONS 
Most  of  the  more  common  and  well-known  rock  formations  of 
the  Adirondack  region,  as  well  as  certain  unusual  ones,  are  abund- 
antly represented  in  the  Schroon  Lake  quadrangle.  In  the  regular 
order  of  their  geologic  ages  the  principal  rocks  are  as  follows: 
Pleistocene 

Glacial  and  Postglacial  deposits 
Paleozoic  (Cambrian) 

Little  Falls  ( ?)  dolomite 
Potsdam  sandstone 
Precambrian 
Diabase  dikes 
Aplite  and  pegmatite  dikes 
Gabbro  stocks  and  dikes 

Keene  gneiss,  and  assimilation  product  of  the  anorthosite  and 
syenite-granite  series 
Syenite-granite  series 
Anorthosite  series 

Grenville  series  of  metamorphosed  strata 

The  Precambrian  formations  constitute  the  foundation  rocks  of 
the  entire  quadrangle.  Oldest  of  all  are  the  Grenville  strata,  prob- 
ably of  Archeozoic  age,  which  are  thoroughly  crystalline.  Gren- 
ville strata  are  well  developed  in  the  southern  half  of  the  quad- 
rangle, but  their  distribution  is  very  “ patchy  ” because  they  were 
invaded  and  cut  to  pieces  by  great  masses  of  intrusive  rocks. 

Next  to  the  oldest  known  is  the  anorthosite  series  which  occupies 
most  of  the  northeastern  half  of  the  area.  The  great  bulk  of  this 
rock  is  very  coarse  grained  and  highly  feldspathic  (Marcy  anor- 
thosite), but  it  has  a more  or  less  well-defined  border  development 
(Whiteface  anorthosite). 

The  syenite-granite  series,  so  common  throughout  the  Adiron- 
dack region,  is  next  in  order  of  age,  being  clearly  intrusive  into 
both  the  Grenville  and  the  anorthosite.  This  series,  more  particu- 
larly its  granite  facies,  is  wholly  confined  to  the  southwestern  half 
of  the  quadrangle  where  it  is  the  most  prominent  rock  formation. 

Several  considerable  areas  of  Keene  gneiss  lie  in  general  between 
the  anorthosite  and  syenite  or  granite  areas.  This  rock  is  regarded 
by  the  writer  as  an  assimilation  product  which  resulted  from  the 
incorporation  and  digestion  of  anorthosite  by  the  molten  syenite- 
granite, 
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Gabbro  stocks  and  dikes  of  the  usual  Adirondack  sort  are  promi- 
nently developed  in  the  southwestern  half  of  the  quadrangle,  each 
of  two  of  the  stocks  occupying  several  square  miles. 

Pegmatite  and  diabase  dikes  of  the  usual  kinds,  both  later  than 
the  gabbro,  are  well  represented.  A few  small  dikes  of  aplite 
were  also  observed  cutting  the  gabbro. 

Two  small  areas  of  Paleozoic  strata  are  known  in  and  near 
Schroon  La'ke  village.  One  of  these  is  Potsdam  sandstone  and  the 
other  is  Little  Falls  ( ?)  dolomite. 

Fifteen  faults  and  zones  of  excessive  jointing  have  been  located 
and  these  have  notably  influenced  the  topographic  development. 

Pleistocene  deposits  are  very  widespread,  being  especially  thick 
in  the  more  prominent  valleys  where  the  underlying  rocks  are  in 
many  places  effectually  concealed  by  them. 

The  following  list  includes  the  principal  publications  which  con- 
tain statements  regarding  the  Schroon  Lake  quadrangle  itself  and 
the  adjoining  districts,  as  well  as  certain  other  papers  which  aid  in 
understanding  the  geologic  features  of  the  quadrangle : 

1842  Emmons,  E.  Geology  of  the  Second  District.  Pt  2 of  The  Geology 
of  New  York 

1879  Hall,  C.  E.  Laurentian  Magnetic  Iron  Ore  Deposits  of  Northern 
New  York.  N.  Y.  State  Mus.  Rep’t  32,  1879,  p.  133-40 
1895  Kemp,  J.  F.  Preliminary  Report  on  the  Geology  of  Essex  County. 

15th  Annual  Rep’t  N.  Y.  State  Geol.,  p.  590-604 
1897  Kemp,  J.  F.  & Newland,  D.  H.  Preliminary  Report  on  the  Geology 
of  Washington,  Warren,  and  Parts  of  Essex  and  Hamilton  Coun- 
ties. 17th  Annual  Rep’t  N.  Y.  State  Geol.,  p.  547-48 
1897  Kemp,  J.  F.  Physiography  of  the  Eastern  Adirondack  Region  in 
the  Cambrian  and  Ordovician  Periods.  Geol.  Soc.  Amer.  Bui.  8, 
p.  408-12 

1902  Finlay,  G.  I.  Preliminary  Report  of  Field  Work  in  the  Town  of 
Minerva,  Essex  County.  20th  Annual  Rep’t  N.  Y.  State  Geol., 
p.  r96-i02. 

1905  Cushing,  H.  P.  Geology  of  the  Northern  Adirondack  Region. 
N.  Y.  State  Mus.  Bui.  95 

1905  Ogilvie,  I.  H.  Geology  of  the  Paradox  Lake  Quadrangle.  N.  Y. 

State  Mus.  Bui.  96 

1906  Kemp,  J.  F.  The  Physiography  of  the  Adirondacks.  The  Popular 

Science  Monthly,  March  1906 

1910  Kemp,  J.  F.  & Ruedemann,  R.  Geology  of  the  Elizabethtown  and 
Port  Henry  Quadrangles.  N.  Y.  State  Mus.  Bui.  138 

1912  Miller,  W.  J.  Early  Paleozoic  Physiography  of  the  Southern  Adi- 

rondacks. N.  Y.  State  Mus.  Bui.  164,  p.  80-94 

1913  Miller,  W.  J.  The  Geological  History  of  New  York  State.  N.  Y. 

State  Mus.  Bui.  168 

*914  Miller,  W.  J.  Magmatic  Differentiation  and  Assimilation  in  the 
Adirondack  Region.  Geol.  Soc.  Amer.  Bui.  25,  p.  243-61 
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Forrest,  photo,  Troy, 
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1914  Miller,  W J.  Geology  of  the  North  Creek  Quadrangle.  N.  Y.  State 
Mus.  Bui.  170 

1916  Miller,  W.  J.  Origin  of  Foliation  in  the  Precambrian  Rocks  of 

Northern  New  York.  Jour.  Geol.,  24:578-619 

1917  Miller,  W.  J.  The  Adirondack  Mountains.  N.  Y.  State  Mus.  Bui. 

193 

1918  Miller,  W.  J.  Adirondack  Anorthosite.  Geol.  Soc.  Amer.  Bui.  vol. 

29,  no.  4 
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PRECAMBRIAN  ROCKS 

Grenville  Series 

General  character.  The  Grenville  series  of  strata,  including 
possibly  some  contemporaneous  igneous  rocks,  are  considered  to 
belong  among  the  oldest  known,  or  Archeozoic,  rocks  of  the  earth. 
These  strata  represent  original  shales,  sandstones  and  limestones 
which  have  become  thoroughly  crystallized  into  various  schists  and 
gneisses,  quartzites  and  crystalline  limestone  or  marble.  The 
stratification  is  usually  rather  distinctly  preserved  though  not  with 
its  original  sharpness.  A more  or  less  well-developed  foliation  is 
always  parallel  to  the  stratification. 

Grenville  rocks  are  not  very  prominent  in  the  Schroon  Lake 
quadrangle,  the  combined  definitely  known  areas  totaling  not  over 
12  square  miles.  It  is  quite  certain,  however,  that  Grenville  strata 
of  great  thickness  once  spread  over  not  only  the  whole  area  of  the 
quadrangle  and  the  10,000  square  miles  of  the  Adirondack  region, 
but  also  over  much  of  eastern  Canada.  They  were,  no  doubt, 
mostly  deposited  under  marine  waters  much  like  the  typical  sedi- 
ments of  later  ages.  Within  the  quadrangle  no  positive  proof  for 
great  thickness  has  been  obtained,  but  in  other  districts  a thickness 
of  at  least  several  miles  has  been  demonstrated.  Regarding  the 
lands  from  which  the  Grenville  sediments  were  derived,  and  the 
floor  upon  which  they  were  deposited,  we  know  nothing  at  present. 
That  organisms  lived  in  the  waters  while  Grenville  deposition 
took  place  those  many  millions  of  years  ago  seems  evident  from 
the  dissemination  of  graphite  (crystallized  carbon)  through  much 
of  the  limestone  as  well  as  through  certain  of  the  schists  and 
gneisses. 

A glance  at  the  accompanying  geologic  map  will  show  the  very 
“ patchy  ” distribution  of  the  Grenville  rocks,  this  being  due  to  the 
fact  that  the  original  body  of  thick  strata,  which  was  the  universal 
country  rock  of  the  quadrangle,  has  been  badly  broken  up,  lifted 
or  tilted  in  masses  great  and  small,  more  or  less  engulfed  and,  in 
some  cases,  injected  or  even  partially  assimilated  by  the  great 
intrusive  bodies  of  the  region.  The  entire  absence  of  Grenville 
strata  from  the  anorthosite  area  is  doubtless  due  to  a laccolithic 
structure  of  the  anorthosite  whereby  the  Grenville  was  notably 
lifted  or  domed  over  the  rising  magma,  and  completely  removed 


Plate 


W.  J.  Miller,  photo,  1917 

view  of  the  mountains  looking  northwest  across  Schroon  lake  and  the  village  from  Isola  Bella.  Blue  ridge  with 
Mount  Hoffman,  its  highest  point,  in  the  distance.  The  Schroon  Valley  fault  passes  along  the  base  of  the  nearer 


W.  LIBRAS* 

OF  TOE 

i / " ■ > 


GEOLOGY  OF  THE  SCHROON  LAKE  QUADRANGLE  II 

by  subsequent  erosion.  The  later  syenite-granite  magma,  however, 
had  a much  greater  tendency  to  more  or  less  intimately  break  up, 
penetrate,  and  even  engulf  the  Grenville  strata.  All  except  pos- 
sibly the  few  largest  areas  of  the  quadrangle  may  well  be  regarded 
as  true  inclusions  in  the  syenite-granite  series. 

Since  nearly  all  the  various  types  of  Grenville  rocks  below  men- 
tioned in  the  descriptions  of  the  Grenville  areas  have  been  described 
in  the  writer’s  report  on  the  Geology  of  the  North  Creek  Quad- 
rangle,1 it  seems  needless  to  repeat  the  details  here. 

Description  of  Grenville  areas.  The  rocks  of  the  various 
Grenville  areas  are  described  somewhat  in  detail,  in  order  to  have 
on  record  the  more  important  data  which  may  possibly  aid  in  work- 
ing out  at  least  the  broader  stratigraphic  relations  of  the  Adiron- 
dack Grenville  series.  The  structural  features  of  the  Grenville 
are  discussed  in  the  chapter  on  Structural  Geology.  Dips  and 
strikes  are  shown  on  the  accompanying  geologic  map. 

Minerva  area.  This  is  the  largest  area  of  the  quadrangle  (see 
map)  and,  although  there  are  many  excellent  exposures,  never- 
theless they  are  not  numerous  enough  to  make  it  possible  to  gain 
anything  like  an  accurate  idea  of  the  stratigraphy  and  structure 
of  the  area.  The  best  exposures  are  north,  northwest  and  west 
of  Minerva.  South  and  southeast  of  that  village  there  are  very 
few  outcrops  so  that  the  southern  boundary  of  the  area  is  mostly 
rather  uncertain.  Practically  all  the  Grenville  rocks  of  the  area 
show  a northwest  strike  (see  map). 

The  little  hill  just  west  of  Minerva  consists  of  well-bedded 
quartzitic,  biotitic  and  hornblendic  gneisses,  all  very  typical  of  the 
usual  Grenville  series.  Just  back  of  the  hotel  a small  mass  of 
twisted  crystalline  limestone  lies  in  contact  with  the  granite  there 
mapped. 

On  the  steep  hillside  one-half  of  a mile  farther  west  the  rock 
is  mostly  hornblende  gneiss,  some  with  garnets,  and  with  some 
bands  of  biotite  gneiss  and  quartzite  interbedded. 

Northwest  of  Minerva,  in  and  near  the  garnet  mine,  crystalline 
limestone  associated  with  much  red  garnet  and  green  pyroxene  is 
closely  involved  with  granite,  this  being  separately  mapped  as 
mixed  rocks.  Just  south  of  the  mine  there  is  a vertical  ledge,  nearly 
ioo  feet  high,  of  well-bedded  granitic-looking  gneiss,  impure 
quartzite,  and  some  limestone* 


XN.  Y.  State  Mus.  Bui.  170. 
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On  the  hillside  north  of  the  road,  from  Calahan  pond  southeast 
for  i mile,  there  are  many  fine  exposures  of  crystalline  limestone 
with  some  closely  involved  pyroxene  and  hornblende  gneisses 
toward  the  north.  Toward  the  south  this  limestone  contains  yellow 
quartz  and  graphite. 

That  portion  of  the  area  near  the  map  edge  from  Calahan  pond 
northward  shows  a number  of  fine  exposures  of  crystalline  lime- 
stone mostly  containing  graphite  associated  with  some  pyroxene 
and  hornblende  gneisses,  and  exhibiting  local  foldings  or  contor- 
tions. Just  north  of  the  small  gabbro  stock  at  the  map  edge  the 
Grenville  consists  of  hornblende,  hornblende-garnet  and  pyroxene 
gneisses,  and  some  quartzite. 

A very  fine  outcrop  of  Grenville  was  observed  a few  rods  west 
of  the  quadrangle  boundary  on  the  southern  side  of  the  small 
gabbro  stock  I mile  southwest  of  Sherman  pond,  the  ledge  being 
clearly  visible  from  the  road.  In  a section  fully  ioo  feet  thick 
pyroxene  gneiss  and  biotite  gneiss  and  quartzite  are  beautifully 
stratified  in  thin  beds.  In  the  lower  half  of  the  section  a dike 
of  granite  several  feet  thick  has  been  intruded,  both  the  dike  and 
its  foliation  being  perfectly  parallel  to  the  stratification  of  the 
Grenville. 

Most  of  the  ridge  i mile  east  of  Calahan  pond  appears  to  be 
quartzite  with  hornblende  and  pyroxene  gneisses  and  some  lime- 
stone at  its  eastern  base,  and  hornblende  gneiss  at  its  western  base, 
but  the  outcrops  are  not  very  good.  On  and  near  the  road  i mile 
a little  north  of  east  of  Minerva  there  are  several  ledges  of  rather 
coarse  graphitic  limestone  associated  with  some  thin-bedded,  gray, 
rusty  graphitic  gneiss  and  quartzite. 

Exposures  showing  contorted  limestone  with  pyroxene  and  horn- 
blende gneisses  occur  three-fifths  of  a mile  west  of  the  mouth  of 
Kelso  brook. 

The  hill  i mile  west  of  Irishtown  consists  of  hornblende  and 
biotite  gneisses  on  the  south  side  of  the  small  gabbro  stock,  and 
quartzite  underlain  by  some  limestone  on  the  north  side. 

On  the  slope  northwest  of  the  hill  just  mentioned,  several  expos- 
ures of  well-bedded  hornblende-garnet  gneiss,  and  one  of  lime- 
stone, were  observed.  From  Falls  brook  northward  the  Grenville 
nearly  all  appears  to  be  typical  hornblende-garnet  gneiss  in  good 
exposures.  Limestone  shows  in  a small  exposure  on  the  trail  one- 
half  of  a mile  northwest  of  Irishtown. 
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Olmstedville-Irishtozun  area.  This  area  of  Grenville  is  almost 
certainly  connected,  under  the  Pleistocene  of  Minerva  stream  val- 
ley, with  the  Minerva  area. 

In  Olmstedville,  by  the  stream  one-fifth  of  a mile  east  of  the  mill, 
there  is  a big  ledge  of  typical  limestone.  At  the  bridge  just  east 
of  Olmstedville,  limestone  underlying  hornblende  gneiss  forms  a 
ledge  100  feet  long.  By  and  near  the  road  one-third  of  a mile 
east  of  the  bridge  just  mentioned,  there  are  several  outcrops,  includ- 
ing hornblende  gneiss,  rusty  mica  quartzitic  gneiss  and  limestone. 

Two  small  outcrops  of  limestone  occur  by  the  road  about  a mile 
east  o^  Olmstedville. 

In  a field  1^3  miles  northeast  of  Olmstedville,  there  is  a large 
exposure  of  typical  graphitic  limestone  with  some  small  masses 
of  rusty  gneiss  twisted  into  it.  Nearby  is  an  outcrop  of  horn- 
blende gneiss. 

Near  the  road  one-half  and  three- fourths  of  a mile,  respectively, 
southwest  of  the  village,  there  are  several  small  exposures  of 
graphitic  limestone  with  some  small  masses  of  closely  involved 
pyroxene  gneiss.  The  one  nearest  the  village  is  weathered  to  a 
friable  mass  and  is  used  for  repairing  roads. 

Near  the  road  corners  one-half  of  a mile  northwest  of  Olmsted- 
ville there  are  several  outcrops  of  limestone,  some  containing 
graphite  and  green  pyroxene  and  associated  with  hornblende  gneiss. 
From  this  locality  northward  for  a mile,  by  and  near  the  road, 
there  are  other  good  exposures  of  similar  rocks. 

From  one-half  to  1 mile  east-southeast  of  Irishrown  there  are 
interesting  exposures  of  Grenville.  Coming  against  the  syenite 
on  the  south  side  (see  map)  there  are  several  good  exposures  of 
limestone  arranged  along  a strike  N 70°  W.  Just  within  the  syenite 
there  is  a long,  narrow  inclusion  of  quartzite.  Where  the  limestone 
belt  comes  to  the  road,  hornblende  gneiss  outcrops.  Just  north 
of  the  tongue  of  syenite  there  are  large  exposures  of  quartzite  with 
a little  associated  limestone  arranged  along  a N 70°  W strike. 

One  mile  north-northwest  of  Olmstedville,  and  extending  from 
the  road  eastward  for  200  yards,  there  are  good  outcrops  of  rusty 
biotite  gneiss,  hornblende  gneiss  and  quartzite. 

Along  the  road  from  one-half  to  1 mile  north  of  Irishtown,  there 
are  several  exposures  of  hornblende  gneiss  (some  garnetiferous) 
and  a little  associated  limestone. 

The  tongue  of  Grenville  which  forms  part  of  the  mountain  spur 
1 mile  north-northeast  of  Irishtown  consists  of  hornblende  and 
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hornblende-garnet  gneisses  with  a little  interbedded  quartzite  and 
biotite  gneiss. 

Catamount  hill  area.  Catamount  hill  itself  is  a practically  solid 
mass  of  well-bedded  biotite-graphite  schist  or  gneiss  with  some  belts 
of  quartzitic  rock  toward  the  summit. 

At  the  old  graphite  mine  by  the  road  west  of  Catamount  hill, 
the  rock  which  was  mined  is  a rusty  looking  biotite-graphite  schist 
in  very  thin  layers.  Most  of  this  rock,  forming  a belt  30  to  40 
feet  wide,  contains  tiny  flakes  of  graphite,  but  one  zone  in  it  only 
a few  feet  wide  is  very  rich  in  large  flakes  of  graphite.  In  contact 
with  this  graphite-rich  rock  there  is  a narrow  band  of  limestone 
containing  green  pyroxene  and  graphite. 

Near  the  road  one-fifth  of  a mile  north  of  the  mine  there  occurs 
a ledge  of  quartzitic  to  granitic  looking  gneiss  with  one  two-foot 
wide  band  containing  lenslike  garnets  up  to  an  inch  long. 

Adirondack  village  area.  This  small  area  shows  only  a few  out- 
crops. A smalt  exposure  of  limestone  just  east  of  the  village  con- 
tains some  graphite  and  green  pyroxene.  By  the  road  one-half  of 
a mile  south  of  the  village,  there  occurs  a ledge  of  bedded  horn- 
blende-biotite  gneiss.  At  the  southern  end  of  the  area  there  are 
several  good  exposures  of  variable  rocks,  mostly  hornblende  gneiss, 
biotite  gneiss  and  pyroxene-garnet  gneiss.  These  are  mostly  well 
bedded  but  shot  through  with  some  coarse  granite.  No  outcrops 
occur  along,  or  just  east  of,  the  map  boundary  here,  but,  judging 
by  Doctor  Ogilvie’s  Paradox  lake  map,  this  Adirondack  village 
area  o»f  Grenville  probably  extends  across  the  boundary. 

Areas  on  the  shores  of  Schroon  Lake.  At  the  southern  end  of 
Isola  Bella  there  is  a mass  of  limestone  20  feet  long,  really  an 
inclusion  in  the  granite.  This  limestone  contains  pyroxene,  quartz 
and  some  graphite. 

At  Grove  Point  there  are  two  exposures  by  the  lake  shore,  one 
being  limestone  with  bunches  and  strips  of  green  pyroxene  gneiss 
kneaded  into  the  mass,  and  the  other  pyroxenic  and  hornblendic 
gneisses  with  a little  associated  limestone. 

A few  rods  south  of  the  Grove  Point  Grenville,  syenite  con- 
tains a long,  narrow  inclusion  of  Grenville  limestone. 

On  the  lake  shore  one-half  of  a mile  east  of  South  Schroon, 
limestone  with  patches  of  green  pyroxene  gneiss  twisted  into  it 
shows  in  a good  exposure. 

Areas  northwest  of  Schroon  Lake  village.  The  small  lens- 
shaped area  shown  on  the  map  1 mile  northwest  of  the  village  con- 
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sists  of  interbedded  quartzite  (some  garnetiferous),  quartz-pyrox- 
ene gneiss,  and  quartz-feldspar  gneiss  with  several  thin  layers  of 
limestone  containing  green  pyroxene. 

The  area  just  east  of  North  pond  shows  a number  bf  good 
exposures  of  well-bedded  hornblende-garnet  gneiss  and  hornblende 
gneiss  with  one  two-foot  thick  layer  of  limestone  in  the  horn- 
blende gneiss.  Near  the  western  corner  of  the  area  there  are  many 
large  reddish  brown  garnets  up  to  4 or  5 inches  in  diameter,  but 
without  hornblende  rims  as  is  often  the  case  with  such  large  garnets 
in  the  Grenville  hornblende-garnet  gneiss  elsewhere  in  the 
Adirondacks. 

Other  areas  of  Grenville.  In  the  small  area  on  the  west  face  of 
Wilson  mountain,  pyroxenic,  hornblendic  and  quartzitic  gneisses  are 
well  exposed,  some  of  these  being  locally  contorted.  Along  the 
eastern  side  of  this  area  the  Grenville  rocks  are  more  or  less  inti- 
mately charged  with  granite. 

At  the  western  end  of  the  area  just  southwest  of  Oliver  pond 
there  is  a big  exposure  of  hornblende-garnet  gneiss  interstratified 
with  thin-bedded,  fine  grained,  pinkish  gray,  quartz-biotite  schist. 
A few  rods  farther  east  there  occurs  a ledge  of  limestone  con- 
taining green  pyroxene,  quartz  and  a little  graphite.  Toward  the 
eastern  end  of  the  area  the  rock  is  hornblende-garnet  gneiss. 

A small  lenslike  inclusion  of  hornblende-garnet  gneiss,  with  gar- 
nets up  to  an  inch  across  occurs  in  the  granite  one-half  of  a mile 
west  of  Oliver  pond. 

One  mile  northeast  of  Loch  Muller,1  in  the  small  area  mapped, 
there  is  a single  large  outcrop  of  hornblende  gneiss,  somewhat 
garnetiferous. 

On  the  southern  slope  of  Hayes  mountain,  three-fourths  of  a 
mile  from  its  summit,  a small  lenslike  body  of  typical  hornblende- 
garnet  gneiss  with  garnets  up  to  an  inch  across  occurs  as  an 
inclusion  in  granite.  A similar  small  inclusion  occurs  in  the  syenite 
2 miles  north-northwest  of  Irishtown,  and  still  another  in  granite 
1 Va  miles  west-southwest  of  the  summit  of  Hayes  mountain. 


^This  is  the  place  printed  on  the  map  accompanying  this  bulletin,  but 
since  the  map  was  printed  the  post  office  has  been  moved  2 miles  to  the 
northwest  to  Warren’s  hotel. 
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Some  interesting  exposures  occur  in  the  small  area  il/2  miles 
northwest  of  the  summit  of  Hayes  mountain.  In  the  old  stone 
quarry  the  rock  is  greenish  limestone  containing  serpentinized  green 
pyroxene  and  some  graphite.  This  is  associated  with  some  horn- 
blendic  and  quartzitic  gneisses.  Similar  rocks  outcrop  on  the  west 
bank  of  the  stream,  but  there  the  pyroxene  is  less  serpentinized. 
Undoubtedly  this  mass  of  Grenville  is  a fairly  large  inclusion  in 
the  granite  which  outcrops  close  by  on  all  sides. 

In  the  Hewitt  Pond  brook  area  there  are  several  good  outcrops 
of  Grenville  hornblende  gneiss  and  hornblende-garnet  gneiss. 

A conspicuous  lenslike  mappable  inclusion  of  hornblendic  and 
quartzitic  well-bedded  gneisses  occurs  in  the  granite  1*4  miles  east- 
southeast  of  Boreas  river. 

Still  other  masses  of  Grenville  occur  within  the  quadrangle,  but 
these  are  so  closely  associated  with  other  rocks  that  they  are 
mapped  and  described  as  “ mixed  rocks.” 


Anorthosite  Series 

General  considerations.  Recently  the  writer  lhias»  published  a 
rather  elaborate  paper1  on  the  whole  problem  of  the  age,  relations, 
and  origin  of  the  Adirondack  anorthosite.  The  interested  reader 
is  referred  to  that  paper  for  much  more  material  than  is  pre- 
sented in  this  bulletin.  Some  years  ago,  Professor  Cushing,  in 
his  report2  on  the  Geology  of  the  Long  Lake  Quadrangle,  presented 
evidence  to  show  that  the  anorthosite  is  a great  intrusive  body  dis- 
tinctly younger  than  the  great  syenite-granite  series  of  the  Adiron- 
dacks.  The  writer  heartily  agrees  with  this  view,  and  in  his  own 
field  studies,  particularly  in  the  Lake  Placid  and  Schroon  Lake 
quadrangles,  he  has  found  much  more  evidence  in  support  of  Cush- 
ing’s view.  Recently,  however,  Dr  N.  L.  Bowen3  has  offered  quite 
a different  explanation  of  the  origin  and  relations  of  the  anor- 
thosite. His  hypothesis  and  the  writer’s  objections  to  it  are  briefly 
stated  below,  but  a fuller  criticism  is  presented  in  the  paper  above 
cited. 

The  anorthosite  occupies  a largely  unbroken  area  of  about  1200 
square  miles  of  the  central-eastern  Adirondack  region.  It  is  promi- 
nently developed  with  nearly  all  its  facies  in  the  Schroon  Lake 

1 Geol.  Soc.  Amer.  Bui.  29  No.  4,  1918,  p.  399-462. 

2 N Y.  State  Mus.  Bui  115,  p.  479-82.  1907. 

“Jour.  Geol.,  25:209-43.  1917. 
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quadrangle  where,  as  a result  of  its  careful  study,  important  light 
has  been  thrown  upon  the  age,  relations,  structure,  and  origin  of 
the  great  anorthosite  body.  Most  of  the  northeastern  half  of  the 
quadrangle,  or  an  area  of  over  80  square  miles,  is  occupied  by 
anorthosite  to  the  exclusion  of  all  other  formations  except  Pleis- 
tocene deposits  and  a few  small  basic  dikes. 

Marcy  type  of  the  anorthosite.  By  far  the  most  abundant 
general  facies  of  the  rock  may  be.  called  Marcy  anorthosite  because 
of  its  great  exposures  on  Mount  Marcy  in  the  quadrangle  next 
to  the  north.  The  most  typical  portions  of  the  Marcy  anorthosite 
are  coarse  grained,  light  to  dark  bluish  gray,  and  consist  largely  of 
basic  plagioclase  feldspar,  mainly  labradorite.  The  dark  bluish 
gray  labradorite  crystals  usually  vary  in  length  from  a fraction  of 
an  inch  to  several  inches,  crystals  about  an  inch  long  being  very 
common.  Among  other  places,  labradorites  from  5 inches  to  1 
foot  long  were  observed  on  the  western  of  the  three  Peaked  hills, 
and  on  the  ridge  1 mile  north-northwest  of  Blue  Ridge  village. 
Only  occasionally  do  these  labradorites  exhibit  the  play  of  colors 
so  characteristic  of  this  species  of  feldspar.  Twinning  striations 
are  often  evident  to  the  naked  eye  on  the  cleavage  faces. 

Accessory  minerals  visible  to  the  naked  eye  are  large  individuals 
of  pyroxene  and  hornblende,  and  small  individuals  of  biotite, 
ilmenite,  pyrite,  garnet,  and  more  rarely  chalcopyrite  or  pyrrhotite. 
These  accessory  minerals  ordinarily  constitute  5 to  10  per  cent  of 
the  typical  coarse  anorthosite,  but  there  are  local  developments  of 
the  rock  which  are  made  up  almost  entirely  of  plagioclase,  and  still 
others,  rather  abundantly  developed  as  zones,  bands  and  irregular 
masses,  which  contain  from  10  to  25  or  more  per  cent  dark  minerals, 
these  last  named  types  being  really  anorthosite-gabbros.  Such 
gabbroid  facies  are  more  fully  described  below. 

An  important  facies  of  the  anorthosite  is  one  in  which  the  dark 
labradorites,  from  a few  millimeters  to  an  inch  or  more  across, 
stand  out  conspicuously  in  a distinctly  granulated  groundmass  of 
feldspar.  The  granulated  material  varies  from  light  gray  to  pale 
greenish  gray.  It  is  very  evident  that  the  large  labradorites  are 
roughly  rounded  uncrushed  cores  of  what  were  considerably  larger 
individuals  before  the  rock  was  subjected  to  the  process  of  granu- 
lation. All  degrees  of  granulation  are  exhibited  to  extreme  cases 
where  the  rock  has  been  so  thoroughly  granulated  that  few,  if 
any,  labradorite  cores  remain. 
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Much  of  the  typical  Marcy  anorthosite  is  devoid  of  foliation, 
though  in  some  local  zones  of  almost  perfectly  pure  plagioclase 
rock  there  is  a notable  tendency  for  the  feldspars  to  show  a crude 
parallelism  (plate  6).  The  more  gabbroid  facies  of  the  rock,  how- 
ever, often  exhibit  a fair  to  well-defined  foliation  accentuated  by 
the  crudely  parallel  arrangement  of  the  dark  minerals. 

In  thin  section,  with  a low  power  of  the  microscope,  the  larger 
labradorites  are  usually  seen  to  be  filled  more  or  less  with  myriads 
of  very  dark  dustlike  particles,  probably  ilmenite.  The  minerals 
contained  in  several  thin  sections  of  the  Marcy  anorthosite  are 
shown  in  table  i below. 

Chilled  border  facies  of  the  anorthorsite  (Whiteface  anortho- 
site). Around  the  borders  of  the  great  body  of  Adirondack 
anorthosite,  and  in  some  places  a number  of  miles  within  it,  there 
is  quite  generally  a notable  development  of  white  or  very  light-gray 
labradorite  and  an  increase  in  the  femic  minerals  causing  such  rocks 
to  be  anorthosite-gabbro  or  even  gabbro.  Such  rocks,  well  devel- 
oped in  the  Schroon  Lake  quadrangle,  are  almost  invariably  finer 
grained  and  lighter  colored  than  the  typical  Marcy  anorthosite, 
though  in  some  localities  a few  large,  scattering  labradorite  indi- 
viduals occur.  A foliated  structure  is  generally  evident. 

Although  they  are  more  or  less  variable  in  general  appearance 
and  composition,  the  writer  has  proposed  that  these  border  phases 
of  the  anorthosite  be  classed  as  Whiteface  anorthosite,  a name 
given  by  Professor  Kemp  to  the  type  which  occurs  abundantly  on 
Mount  Whiteface  near  Lake  Placid.  At  the  summit  of  Mount 
Whiteface  the  rock  is  medium  grained  and  consists  of  white  plagio- 
clase (chiefly  labradorite)  with  io  to  15  per  cent  of  dark  minerals 
scattered  through  the  mass  parallel  to  a crude  foliated  structure. 
Such  rock,  which  is  quite  typical  of  the  Schroon  Lake  quadrangle 
Whiteface  anorthosite,  stands  out  in  marked  contrast  agai  st  the 
typical  Marcy  anorthosite  which  is  not  so  gabbroid,  very  coarse 
grained,  light  to  dark  bluish  gray,  and  generally  not  so  well  foli- 
ated. More  exceptionally  the  Whiteface  anorthosite  is  nearly  pure 
white,  being  quite  free  from  femic  minerals.  Much  of  the  rock, 
however,  is  locally  richer  in  dark  minerals,  which  may  constitute 
15  to  3°  Per  cent  °f  the  whole.  The  minerals  other  than  the 
feldspar  are  practically  the  same  as  in  the  Marcy  anorthosite. 
Table  1 gives  a good  idea  of  the  mineral  content  of  the  Whiteface 
anorthosite  of  the  quadrangle. 


Plate 


Marcy  anorthosite  in  the  bed  of  The  Branch  brook  one-third  of  a mile  west  of  Blue  Ridge  village 
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Table  1 Thin  sections  of  anorthosite 


No.  20,  three-fourths  of  a mile  southeast  of  summit  of  Hoffman  moun- 
tain; no.  23,  by  the  road  1 mile  northeast  of  Boreas  river;  no.  24,  by  the 
stream  1 mile  east-southeast  of  summit  of  Ragged  mountain ; no.  10,  1 
mile  southeast  of  summit  of  Oliver  hill;  no.  11,  1J/2  miles  a little  west 
of  north  of  Irishtown;  mo.  12,  lake  shore  just  north  >of  Grove  Point; 
nos.  13  and  14,  one-half  of  a mile  west-northwest  of  Bigsby  hill;  no.  15, 
by  road  at  Loch  Muller;  no.  16,  one-third  of  a mile  west  of  Loch  Muller; 
no.  17,  one-half  of  a mile  south-southeast  of  summit  of  Severance  hill; 
no.  18,  top  of  Hayes  mountain;  no.  19,  by  the  brook  southwest  of  Smith 
hill;  no.  21,  near  western  summit  of  Sand  Pond  mountain;  no.  22,  near 
cross-roads  at  Boreas  river;  no.  37,  southern  brow  of  Cobble  hill. 

No.  1 7 of  table  1 exhibits  very  fine  reaction  rims  as  follows: 
(1)  magnetite  with  rims  of  garnet;  (2)  pyrite  with  rims  of  garnet; 
and  (3)  magnetite  with  successive  rims  of  hypersthene  and  garnet. 

Both  the  Marcy  and  Whiteface  types  of  anorthosite  are  quite 
certainly  differentiation  phases  of  the  same  cooling  magma,  the 
latter  representing  a chilled  border  or  marginal  portion.  The  one 
type  grades  into  the  other,  and  nowhere  has  one  been  found 
definitely  to  intrude  the  other. 

Special  descriptions  of  Whiteface  anorthosite  occurrences.  In 

the  Boreas  river  area  the  Whiteface  anorthosite  is  mostly  rather 
uniformly  moderately  gabbroid  and  foliated  with  scattering  bluish 
labradorites,  but  some  local  variations  from  this  composition  and 
structure  were  observed.  Near  the  cross-roads  at  Boreas  river 
(no.  22  of  table  1)  a ledge  is  unusually  rich  in  pyroxene  and  quartz. 
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In  the  eastern  portion  of  the  Sand  Pond  mountain  area  the  rock 
is  nearly  white  and  free  from  femic  minerals,  nonfoliated,  and 
with  only  a few  scattering  blue  labradorites  (no.  21  of  table  1). 
The  rock  of  the  western  portion  of  the  area  strongly  suggests 
Marcy  anorthosite  and  grades  into  it.  It  is  light  gray  and  non- 
foliated with  10  to  20  per  cent  dark  minerals  and  garnets  and  many 
blue  labradorites. 

The  Severance-Smith  hill  area,  the  largest  shown  on  the  map, 
comprises  mostly  rather  uniform,  very  typical,  Whiteface  anortho- 
site (nos.  17  and  19  of  table  1).  At  the  extreme  southern  end  it 
contains  an  admixture  of  Grenville. 

In  the  large  area  southwest  of  Bailey  hill  the  Whiteface  anor- 
thosite is  mostly  very  typical.  By  the  old  road  on  the  west  side 
there  are  some  rather  gabbroid,  garnetiferous,  foliated  zones,  and 
in  the  eastern  portion  there  are  locally  developed  masses  with  many 
garnets  and  some  scattering  blue  labradorites. 

A large  ledge  of  Whiteface  anorthosite  at  Loch  Muller  is  exceed- 
ingly variable  as  regards  both  content  of  femic  minerals  and  folia- 
tion. It  contains  some  bluish  labradorites  and  scattering  garnets 
(no.  15,  table  1).  One-third  of  a mile  farther  west  in  the  same 
area  the  rodk  is  distinctly  gabbroid  and  foliated  and  carries  8 
or  10  per  cent  of  quartz  (no.  16,  table  1).  In  the  western  part  of 
the  area  the  rock  is  very  typical  Whiteface  anorthosite. 

The  long,  narrow  area  south  of  Hewitt  road  shows  Whiteface 
anorthosite  varying  from  light-colored,  moderately  gneissoid  to 
dark-colored,  gabbroid,  very  gneissoid  facies. 

The  rocks  of  the  area  west  of  Bigsby  hill  exhibit  many  local 
variations  from  typical  anorthosite  to  very  gabbroid,  gneissoid 
anorthosite.  In  some  ledges  quartz  is  visible  to  the  naked  eye. 
Nos.  13  and  14  of  table  1 are  from  this  area. 

A big  ledge  of  gabbroid,  very  gneissoid  Whiteface  anorthosite 
(no.  11  of  table  1)  in  the  small  area  ij4  miles  a little  west  of 
north  of  Irishtown  is  intimately  associated  with  Grenville  horn- 
blende-garnet gneiss,  the  latter  commonly  occurring  as  distinct 
strips  or  lenslike  inclusions  in  the  anorthosite. 

The  remaining  small  areas  of  Whiteface  anorthosite  require  no 
special  description  here. 

Variable  composition  and  structure  of  the  anorthosite  and  its 
significance.  General  statements.  Contrary  to  Bowen’s  statement 
that  “ anorthosites  are  made  up  almost  exclusively  of  the  single 
mineral  plagioclase,”  the  writer’s  experience  in  the  field  has  made 
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W.  J.  Miller,  photo,  1917 

Near  view  of  part  of  a boulder  of  Marcy  anorthosite  in  a field  three-fourths  of  a mile  northwest  of  Pat  pond. 
Foliation,  due  to  crude  parallelism  of  large  crystals  of  labradorite,  is  very  distinct  in  the  lower  part  but  not  in 
the  upper. 
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it  clear  that  the  Adirondack  anorthosite  is  by  no  means  an  almost 
perfectly  homogeneous  mass  of  plagioclase.  The  main  bulk  of  the 
Marcy  anorthosite  contains  at  least  5 to  10  per  cent  of  minerals 
other  than  plagioclase.  Portions  with  about  10  per  cent  are  com- 
mon, and  in  many  places  there  are  10  to  20  per  cent,  or  even  more, 
of  dark  minerals.  It  is  also  true  that  some  portions  of  the  great 
mass  contain  less  than  5 per  cent  of  femic  constituents.  Con- 
servatively estimated,  the  average  Marcy  anorthosite  carries  fully 
10  per  cent  of  minerals  other  than  plagioclase. 

In  the  writer’s  work  in  both  the  Lake  Placid  and  Schroon  Lake 
quadrangles,  many  observations  have  been  made  of  anorthosite- 
gabbro  and  more  typical  anorthosite  exhibiting  perfect  gradations 
from  one  into  the  other.  Such  gabbroid  facies  exist  locally  through- 
out the  body  of  Marcy  anorthosite,  in  many  places  as  rather  dis- 
tinct zones  or  belts  a few  feet  or  rods  wide,  and  in  other  places 
on  much  larger  scales.  Many  other  gabbroid  portions  are  much 
more  irregular  in  shape,  and  not  so  distinctly  separated  from  the 
purer  Marcy  anorthosite. 

The  anorthosite-gabbro  very  commonly,  and  the  typical  Marcy 
anorthosite  less  commonly,  locally  exhibit  more  or  less  well-devel- 
oped foliation  with  exceedingly  variable  strikes.  Marked  varia- 
tions in  degree  of  foliation  often  occur  in  single  ledges.  It  is  also 
important  to  note  that  granulation,  so  prevalent  throughout  the 
anorthosite  body,  shows  many  extreme  variations,  often  in  single 
outcrops. 

Another  variation  of  the  anorthosite  from  a pure  plagioclase 
rock  consists  in  the  dustlike  (schillerization)  inclusions  of  a dark 
mineral,  probably  ilmenite,  in  the  labradorite.  These  are  so  numer- 
ous as  to  cause  most  of  the  labradorites  to  have  a dark  bluish  gray 
color.  Thus  even  the  plagioclase  crystals  are  not  pure  lime-soda 
feldspar. 

Finally  in  this  connection,  attention  should  be  called  to  the  pres- 
ence of  a very  appreciable  amount  of  potash  in  the  typical  Marcy 
anorthosite,  as  shown  in  an  analysis  made  for  Professor  Kemp. 
Whether  this  potash  exists  in  regular  potash-feldspar  form,  or  is 
part  of  the  labradorite  proper,  it  is  additional  proof  that  the  anor- 
thosite is  not  a practically  pure  mass  of  lime-soda  feldspar. 

Some  examples  of  variations  of  Marcy  anorthosite.  Near  the 
top  of  the  hill  1 mile  a little  to  the  west  of  north  of  Blue  Ridge 
village,  the  following  variations  across  the  strike  from  south  are 
finely  exhibited : first,  there  is  typical  Marcy  anorthosite ; then,  a 
band  2 feet  wide  of  gneissoid,  moderately  coarse-grained,  gabbroid 
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anorthosite  with  a few  labradorite  phenocrysts ; then,  a belt  40  feet 
wide  of  less  coarse-grained  anorthosite  with  a few  labradorite 
phenocrysts  and  scarcely  any  femic  minerals;  next,  a belt  35  feet 
wide  of  very  coarse-grained,  gabbroid  anorthosite  with  pyroxene 
and  labradorite  crystals  from  6 inches  to  1 foot  each  in  length. 
None  of  these  belts  or  zones  is  very  sharply  separated,  though  in 
some  cases  the  change  from  one  into  the  other  takes  place  within 
a few  inches. 

At  the  rapids  of  Boreas  river,  just  before  the  stream  enters  the 
Brace  dam  reservoir,  a big  ledge  of  typical  Marcy  anorthosite  with 
very  few  femic  minerals  contains  a very  irregular  shaped  mass  of 
highly  femic  and  garnetiferous  anorthosite  some  30  feet  long  with 
a maximum  width  of  10  feet.  Except  for  the  20  to  30  per  cent 
of  dark  minerals,  this  femic  anorthosite  is  much  like  the  inclosing 
anorthosite.  Boundaries  against  the  typical  anorthosite  are  not 
sharp,  but  the  complete  transition  takes  place  within  5 or  6 inches. 
The  femic  rock  is  nonfoliated,  but  the  typical  Marcy  anorthosite 
on  one  side  of  it  has  most  of  its  labradorites  (1  to  2 inches  long) 
arranged  parallel  to  the  contact  with  the  femic  rock.  This  par- 
allelism is  most  evident  close  to  the  contact  and  not  at  all  notice- 
able 6 or  8 feet  out. 

By  the  road  three-fourths  of  a mile  east  of  where  it  crosses 
Boreas  river,  a 50-foot  exposure  of  typical  Marcy  anorthosite,  with 
less  than  5 per  cent  femic  constituents  and  with  many  labradorites 
an  inch  long,  exhibits  very  distinct  foliation  due  to  parallelism  of 
the  labradorites.  This  rock  grades  into  typical  nonfoliated  anor- 
thosite of  the  adjacent  exposure. 

By  the  same  road  above  mentioned,  but  one-third  of  a mile  far- 
ther east,  a 50-foot  ledge  of  anorthosite  with  10  or  15  per  cent 
femic  minerals  contains  several  distinctly  foliated  zones  not  sharply 
separated  from  the  rest  of  the  rock. 

In  a ledge  of  typical  Marcy  anorthosite  on  the  middle-southern 
slope  of  Saywood  hill,  a distinctly  foliated  zone  occurs  in  contact 
with  nonfoliated  anorthosite  on  either  side. 

From  Saywood  hill  to  Clear  Pond  mountain  there  are  large  scale 
variations  represented  chiefly  by  typical,  nongabbroid,  mostly  non- 
foliated, Marcy  anorthosite  with  some  labradorites  up  to  3 inches 
long  on  Saywood  hill ; very  coarse,  rather  gabbroid,  nonfoliated 
anorthosite  containing  labradorites  up  to  6 or  7 inches  long  and  10 
to  20  per  cent  femic  minerals  on  Clear  Pond  mountain;  and  many 
fine  exposures  of  more  typical  Marcy  anorthosite  with  usually  10 
to  15  per  cent  femic  minerals  and  little  foliation. 
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In  the  whole  area  from  Blue  Ridge  mountain  eastward  to  the 
map  limit,  there  are  many  excellent  exposures  of  remarkably  uni- 
form, very  typical  Marcy  anorthosite,  there  being  few  gabbroid 
or  foliated  variations  in  this  large  area. 

Where  the  road  crosses  the  Branch  brook  a ledge  of  typical 
Marcy  anorthosite  contains  an  irregular  gabbroid  mass  about  2 
feet  wide  without  sharp  boundaries  against  the  inclosing  rock. 

Variations  similar  to  those  just  described  were  observed  in  many 
other  places,  but  enough  have  been  described  to  illustrate  the  nature 
of  the  variability  of  the  anorthosite. 

Significance  of  the  composition  and  variations  of  the  Marcy  anor- 
thosite. According  to  Bowen,  “ anorthosites  are  made  up  almost 
exclusively  of  the  single  mineral  plagioclase  ” and  therefore  “ the 
conception  of  the  mutual  solution  on  minerals  in  the  magma  and 
the  lowering  of  temperatures  consequent  thereon  is  no  longer 
applicable.”  But,  in  view  of  the  facts  above  presented  which  show 
that  the  anorthosite  averages  fully  10  per  cent  femic  minerals 
visible  to  the  naked  eye ; that  the  labradorites  carry  myriads  of 
tiny  inclusions  of  a dark  mineral ; and  that  the  anorthosite  contains 
a notable  percentage  of  potash,  is  the  mutual  solution  theory  neces- 
sarily precluded?  Have  we  any  proof  that  a rock  with  such  a' 
quantity  and  variety  of  constituents  other  than  plagioclase  could 
not  have  been,  largely  at  least,  molten  as  such?  Is  it  safe  to  argue 
from  experiments  on  small  amounts  of  rather  pure  melts  under 
ordinary  laboratory  conditions  that  a rock  like  the  Adirondack 
anorthosite  could  not  have  existed  as  a true  magma?  Bowen  says 
that  “ a rock  containing  10  per  cent  diopside  (and  90  per  cent  plagio- 
clase) could  have  had  a maximum  of  35  per  cent  liquid  ” in  an  arti- 
ficial melt,  and  that  in  a natural  melt  “ the  probability  is  that  the 
amount  of  liquid  would  be  relatively  somewhat  larger  on  account 
of  the  presence  of  orthoclase  in  the  liquid.”  But  the  Adirondack 
anorthosite  would  have  formed  a melt  of  notably  more  compli- 
cated composition  than  an  artificial  melt  with  10  per  cent  diopside, 
and  this  under  deep-seated  geologic  conditions.  Is  it  safe  to  say, 
therefore,  that  such  a melt  may  not  have  been  a true  magma  with 
a high  percentage  of  liquid?  Furthermore,  allowance  should  be 
made  for  various  agencies  well  within  the  earth,  particularly  dis- 
solved vapors  the  escape  of  which  pressure  tends  to  prevent,  and 
which  tend  to  increase  fluidity. 

Since  the  foliation  of  the  anorthosite  is  essentially  a magmatic 
flow-structure,  it  shows  that,  at  the  very  least,  large  portions  of  the 
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body  of  anorthosite  once  possessed  fluidity  enough  to  permit  dis- 
tinct magmatic  currents  or  movements.  The  significance  of  the 
foliation  is  thus  an  important  consideration.  Even  the  typical 
Marcy  anorthosite,  almost  entirely  free  from  femic  minerals,  not 
rarely  exhibits  a magmatic  flow-structure  foliation  (plate  6),  the 
labradorite  crystals  having  been  strung  out  into  crude  parallelism 
in  a yet  molten  portion  of  the  rock.  Not  only  was  this  interstitial 
liquid  in  sufficient  quantity  to  permit  the  development  of  distinct 
magmatic  flowage,  but  it  was  essentially  molten  plagioclase.  It 
could  have  been  nothing  else.  Hence  we  here  have  evidence  directly 
opposed  to  Bowen’s  statement  that  the  anorthosite  was  never  at  a 
temperature  sufficiently  high  to  melt  plagioclase.  It  is  not  argued, 
however,  that  the  anorthosite  as  such  necessarily1  was  intruded 
in  the  form  of  a true  magma  to  its  present  position,  having  been 
differentiated  at  a much  lower  level.  Rather,  it  is  probable  that 
a gabbroid  magma  was  the  original  intrusive  which,  either  during 
the  process  of  intrusion  or  after  the  magma  came  nearly  to  rest, 
or  both,  differentiated  to  give  rise  to  the  anorthosite  which  was 
then,  in  considerable  part  at  least,  really  molten.  This  matter  is 
more  fully  discussed  below. 

Though  the  writer  believes  the  anorthosite  as  such  to  have  been 
molten  to  a very  considerable  degree  at  least,  it  is  by  no  means 
necessary  to  assume  that  it  was  ever  completely  molten  with  a high 
degree  of  fluidity,  or  even  only  a moderate  degree  of  viscosity. 
None  of  the  field  facts,  however,  necessarily  preclude  the  hypothesis 
that  the  whole  mass  of  the  anorthosite  may  once  have  been  com- 
pletely molten,  but  without  a high  degree  of  fluidity. 

Before  leaving  this  consideration  of  the  significance  of  the  varia- 
bility of  the  anorthosite,  emphasis  should  be  placed  upon  the  fact 
that,  in  many  places,  its  mass  shows  unmistakable  evidence  of 
having  differentiation  phases  of  anorthosite-gabbro  or  even  gabbro, 
while  there  is  no  positive  evidence  for  its  differentiation  into  sye- 
nite or  granite  as  should  be  the  case  according  to  Bowen’s 
hypothesis. 

Relation  of  Whiteface  and  Marcy  types  of  anorthosite.  In  the 

Schroon  Lake  quadrangle  as  elsewhere,  it  is  clear  that  the  White- 
face  anorthosite  is  a gabbroid  border  facies  of  the  Marcy  anor- 
thosite with  perfect  gradations  from  one  into  the  other,  and  with 
no  evidence  that  syenite  or  granite  was  ever  developed  as  a rock 
intermediate  between  the  border  phase  and  the  true  anorthosite  as 
required  by  Bowen’s  hypothesis.  Though  it  has  been  notably  cut 
into,  and  partly  assimilated  by  the  syenite-granite  body,  a glance  at 
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the  geologic  map  shows  beyond  question  that  this  Whiteface  anor- 
thosite was  formerly  a continuous  border  phase  of  the  Marcy  anor- 
thosite which  latter  occupies  the  whole  northeastern  one-third  of 
the  quadrangle.  Three  large  bodies  of  the  Whiteface  anorthosite 
still  lie  against  the  Marcy  anorthosite  in  their  original  positions. 
There  is  strong  evidence  that  this  border  phase  was  formerly  at 
least  7 or  8 miles  wide  because,  within  that  distance  out  from 
the  Marcy  anorthosite,  many  smaller  widely  scattered  masses  of 
the  Whiteface  rock  occur  as  inclusions  in  the  syenite-granite  series 
all  the  way  across  the  quadrangle.  In  other  words,  only  remnants 
of  the  original  border  rock  now  occur.  Further,  since  this  border 
rock  is  notably  finer  grained  than  the  Marcy  anorthosite,  it  is  very 
reasonable  to  interpret  it  as  a chilled  gabbroid  border  phase  com- 
parable in  position  and  origin  to  Cushing’s  Long  Lake  border 
phase  of  the  anorthosite,  though  of  lighter  color  and  usually  not 
so  gabbroid.  The  Schroon  Lake  quadrangle  Whiteface  anorthosite 
commonly  carries  10  to  20  per  cent  dark  minerals,  but  it  is  very 
variable,  some  phases  containing  only  5 per  cent  or  even  less,  and 
some  more  than  20  per  cent. 

There  is  strong  evidence  that  the  chilled  gabbroid  border  phase 
developed  not  only  as  an  outer  limit  but  also  as  an  upper  limit 
which  formerly  existed  as  a cover  resting  directly  upon  the  whole 
great  mass  of  anorthosite.  Thus,  as  already  pointed  out  in  the 
writer’s  Lake  Placid  report,  the  Whiteface  anorthosite  of  that  area 
does  not  exist  merely  as  a definite  fringe  around  the  outer  margin 
of  the  Marcy  anorthosite.  Whiteface  anorthosite  there  occurs 
fully  14  or  15  miles  within  the  present  border  of  the  anorthosite 
area,  and  inclusions  in  the  syenite-granite  series  outside  the  gen- 
eral anorthosite  area  show  that  the  Whiteface  anorthosite  formerly 
extended  at  least  a few  miles  farther  out  than  the  present  bound- 
ary. One  area  of  Marcy  anorthosite,  12  miles  long  within  the  Lake 
Placid  quadrangle  and  extending  an  unknown  distance  into  the 
Ausable  quadrangle,  is  flanked  on  either  side  by  Whiteface  anor- 
thosite. It  is  hard  to  resist  the  suggestion  that  the  Whiteface  rock 
formerly  covered  this  whole  mass  of  Marcy  anorthosite.  There 
is  thus  a distinct  difficulty  in  the  way  of  considering  this  White- 
face  anorthosite  as  merely  an  outer  border  facies.  If  we  do  regard 
it  as  merely  an  outer  facies,  we  are  forced  to  conclude  that  it  is 
exceedingly  thick,  that  is  to  say  fully  10  or  15  miles,  the  width  of 
the  area  containing  Whiteface  anorthosite  representing  practically 
the  thickness  of  the  border  facies.  This  is  scarcely  conceivable. 

The  Schroon  Lake  quadrangle  yields  similar  evidence  since,  as 
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above  pointed  out,  the  border  facies  (Whiteface  type)  there 
formerly  extended  fully  7 or  8 miles  out  beyond  the  present  margin 
of  the  Marcy  anorthosite  as  indicated  by  numerous  inclusions  in 
the  syenite-granite  series.  In  this  connection,  a very  interesting 
inclusion  of  fragments  of  very  typical  Marcy  anorthosite  in  the 
granite  of  Wilson  mountain,  over  6 miles  out  from  the  present 
border  of  that  type  of  anorthosite,  may  be  reasonably  interpreted 
as  Marcy  anorthosite  caught  up  in  the  granite  magma  at  a lower 
level  (below  the  Whiteface  anorthosite  cover)  and  carried  upward 
to  the  present  position  (see  figure  1).  In  any  case  it  is  certain  that 
Marcy  anorthosite  existed  that  far  out. 

Within  the  Schroon  Lake  quadrangle  no  Whiteface  anorthosite 
was  found  within  the  large  area  of  Marcy  anorthosite,  it  apparently 
all  having  been  removed  by  erosion.  Unless  definite  areas  of  the 
basic  chilled  border  facies  are  found  far  within  the  great  anortho- 
site area,  positive  proof  that  such  a border  once  existed  as  a cover 
over  the  whole  will  be  wanting.  But  such  a cover,  if  once  uni- 
versally present,  would  show  few,  if  any,  remains  far  within  the 
anorthosite  area  because  of  the  widespread  and  deep  erosion  to 
which  the  region  has  been  subjected. 

In  short,  the  evidence  from  the  outer  portions  of  the  great 
Adirondack  anorthosite  body  strongly  supports  the  view  that  a 
chilled  gabbroid  border  facies  should  be  regarded  as  having 
formerly  existed  as  a cover  resting  upon  the  whole  mass  of  Marcy 
anorthosite.  The  evidence  from  the  interior  is  negative,  but  nothing 
in  the  field  is  opposed  to  the  conception  of  a former  universal 
cover.  But  this  does  not  preclude  Cushing’s  conception  of  an 
outer  chilled  border  of  the  anorthosite,  provided  we  regard  the 
anorthosite  as  a great  laccolithic  intrusive  body  (see  figure  2) 
over  all  of  which  a border  facies  developed  as  an  upper  limit, 
and  at  the  margins  of  which  a border  facies  developed  at  the  same 
time  as  an  outer  limit.  The  writer  therefore  agrees  with  Cushing 
that  the  area  of  anorthosite  shown  on  the  state  geologic  map  shows 
practically  “ the  original  size  of  the  mass  at  the  depth  represented 
by  the  present  erosion  surface,”  and  that  the  anorthosite  can  not 
extend  out  to,  or  even  close  to,  the  margins  of  the  whole  Adirondack 
region. 

According  to  Bowen,  the  femic  constituents  of  a great  gabbroid 
magma,  as  wide  as  the  Adirondack  region,  first  separated  (or  sank) 
by  gravity,  while  the  plagioclase  crystals  (then  in  the  form  of 
basic  bytownite)  remained  practically  suspended.  At  a later  stage, 
when  the  liquid  became  light  enough,  plagioclase  crystals  (then  in 
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the  form  of  labradorite)  accumulated  by  sinking,  thus  giving  rise 
to  the  mass  of  the  anorthosite,  leaving  the  overlying  liquid  of  such 
composition  as  to  yield  syenite  or  granite.  In  his  first  paper,  Bowen 
does  not  consider  the  development  of  a chilled  border  of  the  Adi- 
rondack anorthosite.  In  his  second  paper,  by  way  of  reply  to 
Cushing,  he  modifies  his  idea  of  the  stratiform  arrangement  of 
the  igneous  complex  by  considering  the  development  of  a “ gab- 
broid  chilled  upper  portion  of  a laccolithic  mass  extending  far 
beyond  the  limits  of  the  present  exposure.”  Directly  under  the 
chilled  border,  according  to  Bowen,  the  great  body  of  syenite- 
granite  developed ; still  lower  down  the  typical  anorthosite  formed ; 
and  at  the  bottom,  pyroxenite  and  gabbro. 

Since  the  evidence  above  presented  shows  that  the  great  body  of 
Adirondack  anorthosite  has  a chilled  gabbroid  border  which  can 
not  possibly  extend  far  out  beyond  the  present  exposure  of  the 
anorthosite,  and  evidence  below  presented  is  distinctly  against 
existence  of  syenite  or  granite  formed  as  a differentiate  between 
the  border  facies  and  the  typical  anorthosite,  it  is  clear  that  Bowen’s 
hypothesis  of  the  origin  of  the  anorthosite  by  the  settling  of 
plagioclase  crystals  is  untenable.  There  simply  is  nothing  from 
which  they  could  have  settled.  The  writer  believes,  therefore,  that 
it  is  out  of  the  question  to  interpret  the  Adirondack  igneous  com- 
plex as  even  in  a general  way  a “ sheetlike  mass  with  syenite  above 
and  anorthosite  below  ” as  required  by  Bowen’s  hypothesis. 

Relation  of  the  syenite-granite  to  the  Whiteface  anorthosite. 
According  to  Bowen,  the  syenite-granite  and  anorthosite  are  not 
distinctly  separate  intrusives,  but  both  formed  as  differentiates 
from  a single  great  body  of  intruded  gabbroid  magma.  Cushing 
and  the  writer  both  believe  the  syenite-granite  series  to  be  dis- 
tinctly later,  and  the  writer  has  found  abundant  evidence  in  sup- 
port of  this  view  in  both  the  Lake  Placid  and  Schroon  Lake  quad- 
rangles. 

For  the  Long  Lake  quadrangle  Cushing  says1 : “ The  field  evi- 
dence seems  clear  that  the  anorthosite  had  solidified,  with  a chilled 
border,  and  had  then  been  attacked  from  the  side  by  a mass  of 
molten  syenite,  which  in  places  cut  deeply  into  it.”  With  this 
statement  the  writer  agrees,  but  he  would  further  say  that  both 
granite  and  syenite  of  the  syenite-granite  series  have,  in  certain 
other  districts  like  the  Lake  Placid  and  Schroon  Lake  quadrangles, 
not  only  cut  deeply  into,  but  also  they  have  either  largely  cut  out 
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or  more  or  less  assimilated,  the  border  facies  of  the  anorthosite. 
Detailed  field  evidence  in  support  of  this  view  is  presented  below. 

Cushing  maintains  that  the  chilled  border  is  fatal  to  Bowen’s 
conception  that  molten  overlying  syenite  may  have  been  faulted 
down  against  solid  anorthosite  so  that  it  could  have  laterally 
attacked  the  anorthosite,  thus  accounting  for  the  intrusive  features 
including  the  syenite  dikes.  Much  detailed  field  work  by  the  writer 
shows  that  the  chilled  border  (Whiteface  anorthosite)  grades 
directly  into  the  typical  anorthosite,  and  that  there  is  no  reason  to 
think  that  the  syenite-granite  series  developed  between  the  chilled 
border  and  the  typical  Marcy  anorthosite.  Even  if  we  assume, 
what  has  not  been  found  in  the  field,  that  some  such  syenite  or 
granite  exists  as  a rock  intermediate  between  the  chilled  border 
and  the  typical  anorthosite,  it  is  most  unreasonable  to  suppose  that 
the  chilled  border  would,  in  some  places,  grade  first  into  the  syenite 
or  granite  and  then  into  the  Marcy  anorthosite.  Either  one  of 
these  might  be  the  case,  but  not  both. 

Bowen  suggests  that  the  syenite-granite  may  have  developed 
between  the  chilled  border  and  the  Marcy  anorthosite,  and  then 
have  been  reintruded  through  the  chilled  border.  But  how  can  we 
possibly  imagine  such  a vast  bulk  of  syenite-granite  to  have  been 
so  largely  reintruded  that  not  any  of  it  has  been  discovered  in  its 
supposedly  original  position?  Also  how  can  we  imagine  the  rein- 
trusion of  such  a tremendous  volume  of  syenite-granite  through 
the  chilled  border  facies,  leaving  this  latter  as  a definite  fringe 
about,  and  grading  into,  the  Marcy  anorthosite  for  so  many  miles? 

Dikes  of  syenite  and  granite  in  anorthosite.  Some  years  ago, 
in  his  report  on  the  Geology  of  the  Long  Lake  Quadrangle,1  Cush- 
ing showed  that  several  narrow  well-defined  dikes  of  syenite  there 
cut  the  typical  Marcy  anorthosite,  one  of  these  dikes  being  several 
miles  within  the  border  of  the  great  anorthosite  body.  He  also 
states  that  one  of  the  small  outlying  masses  of  anorthosite  is 
“ definitely  cut  by  syenite  which  sends  dikes  into  it.” 

As  a result  of  the  surveys  of  both  the  Lake  Placid  and  Schroon 
Lake  quadrangles  by  the  writer,  various  excellent  examples  of 
dikes  and  broad  tongues  of  syenite  and  granite  cutting  anorthosite 
have  come  to  light.  A number  of  fine  examples  of  such  dikes  are 
described  in  the  report  on  the  Geology  of  the  Lake  Placid  Quad- 
rangle. 


1 N.  Y.  State  Mus.  Bui.  115,  p.  480-84.  1907. 
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In  the  Schroon  Lake  quadrangle  a number  of  clearly  defined 
dikes  of  granitic  syenite  and  granite  were  observed  in  the  anortho- 
site. One  of  these  is  well  shown  by  the  road  ij4  miles  west  of 
Boreas  river  where  a dike  of  granite  5 feet  wide  cuts  rather  femic 
Whiteface  anorthosite  without  very  sharp  contacts.  Another  is 
a dike  of  typical  pinkish  gray  granite  25  feet  wide  1 mile  west  of 
the  western  summit  of  Sand  Pond  mountain.  It  sharply  cuts 
Whiteface  anorthosite  which  lies  near,  and  closely  resembles 
Marcy  anorthosite.  Both  dikes  just  mentioned  are  quite  certainly 
off-shoots  from  large  bodies  of  typical  granite  which,  in  a general 
way,  cut  into  the  marginal  portion  of  the  great  body  of  anortho- 
site. A wide  dike  of  gray  granite  cuts  Marcy  anorthosite  just 
north  of  the  summit  of  Texas  ridge  (see  map).  The  granite  is 
very  gneissoid  with  highly  flattened  quartz  and  feldspar  crystals. 
The  small  mass  of  Whiteface  anorthosite  on  the  side  of  Beech  hill 
(see  map)  is  cut  by  a number  of  narrow  dikes  of  granitic  syenite 
and  granite  which  are  doubtless  off- shoots  from  the  large  sur- 
rounding body  of  syenite-granite.  Contacts  between  these  dikes 
and  the  anorthosite  are  usually  not  very  sharp. 

Also  in  the  Schroon  Lake  quadrangle  many  dikes  or  narrow 
intrusive  bodies  of  syenite  and  granite  were  observed  in  the  areas 
of  anorthosite  and  syenite-granite  mixed  rocks,  and  to  some 
extent  in  the  areas  of  Keene  gneiss.  Some  of  these  are  referred 
to  below.  The  evidence,  therefore,  from  the  dikes,  that  the  syenite- 
granite  series  is  distinctly  younger  than  the  anorthosite  series,  is 
very  strong. 

Broad  intrusive  tongues  of  syenite  and  granite  in  anorthosite. 

Broad  tongues  of  syenite  and  granite  extending,  in  a number  of 
places  for  miles,  into  the  great  body  of  anorthosite  furnish  per- 
haps even  more  impressive  evidence  than  the  dikes  that  the  syenite- 
granite  series  is  really  younger  than  the  anorthosite. 

Cushing’s  Long  Lake  geologic  map  shows  an  intrusive  tongue 
of  syenite  from  1 to  3 miles  wide  cutting  into  the  anorthosite  for 
a distance  of  2 miles. 

The  writer’s  Lake  Placid  geologic  map  shows  a fine  example  of 
a tongue  of  syenite-granite  with  a maximum  width  of  1 y2  miles 
cutting  Whiteface  anorthosite  across  a portion  of  Wilmington 
mountain.  A great  body  of  syenite-granite  from  1 to  6 miles  wide 
extends  into  the  anorthosite  for  13  miles  across  the  Lake  Placid 
quadrangle,  and  thence  for  an  unknown  distance  into  the  Mount 
Marcy  quadrangle  on  the  south. 
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In  the  Schroon  Lake  quadrangle,  a tongue  of  granite  from  2 to  4 
miles  wide  in  the  vicinity  of  Cheney  pond  extends  into  the  anortho- 
site for  fully  4 miles,  reaching  all  the  way  through  the  border 
facies  and  into  the  Marcy  anorthosite  (see  map).  The  large  intru- 
sive mass  of  later  gabbro  lies  within  this  salient  and  cuts  out  much 
of  the  originally  present  granite.  Two  of  the  small  dikes  of  granite 
above  mentioned  are  off-shoots  of  this  salient  of  granite  in  the 
anorthosite. 

Inclusions  of  anorthosite  in  the  syenite-granite.  Inclusions 
of  anorthosite  in  the  syenite-granite  series  furnish  very  strong  evi- 
dence that  the  syenite-granite  body  is  an  intrusive  distinctly  sepa- 
rate from,  and  later  than,  the  anorthosite.  Such  evidence  is 
scarcely,  if  at  all,  mentioned  by  Bowen,  probably  because  few 
examples  of  such  inclusions  were  known  to  him.  Many  excellent 
examples  have  come  under  the  writer’s  observation. 

It  seems  evident  from  a glance  at  the  accompanying  Schroon 
Lake  geologic  map  that  the  anorthosite  once  extended  out  as  a 
continuous  broad  belt  at  least  7 or  8 miles  beyond  the  present 
margin  of  the  Marcy  anorthosite  because,  within  that  distance 
from  the  Marcy  anorthosite,  there  are  many  inclusions  of  anortho- 
site (mostly  of  sufficient  size  to  be  mapped)  in  the  syenite-granite 
series  all  the  way  across  the  quadrangle.  In  other  words,  only 
mere  remnants  of  the  former  anorthosite  are  now  visible.  With 
the  exception  of  one  locality,  these  are  all  inclusions  of  Whiteface 
anorthosite.  The  exceptional  locality  is  off  particular  interest.  It 
is  on  top  of  Wilson  mountain,  and  represented  on  the  geologic  map 
as  a small  area  of  mixed  rocks.  One  patch  of  the  granite  12  feet 
across  contains  large  dark  bluish  gray  labradorites  an  inch  or  more 
across  and  several  small  pieces  of  typical  Marcy  anorthosite  as 
distinct  inclusions,  mostly  arranged  roughly  parallel  to  the  folia- 
tion of  the  granite  (see  figure  1).  Immediately  around  the  larger 
fragments  the  granite  exhibits  fine  magmatic  flow-structure.  A 
similar  exposure  occurs  close  by.  A reasonable  interpretation  is 
that  the  granite  magma  moving  upward  enveloped  two  small  masses 
of  Marcy  anorthosite  and  tore  them  into  small  fragments  which 
became  somewhat  scattered  and  arranged  parallel  to  distinct  mag- 
matic currents  which  moved  up  nearly  vertically  as  shown  by  the 
high  angle  of  dip  of  the  magmatic  flow-structure  foliation. 

A fine  example  is  in  the  bed  of  the  brook  1 mile  southeast  of  the 
summit  of  Oliver  hill  where  a mass  of  Whiteface  anorthosite  20 
feet  across  is  inclosed  in  the  granite  (see  map).  This  outcrop  con- 
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sists  of  alternating  bands  of  partly  white  and  partly  rather  gab- 
broid  Whiteface  anorthosite. 

An  interesting  ledge  outcrops  in  the  small  mapped  area  i]/2  miles 
a little  west  of  north  of  Irishtown.  The  rock  is  extremely  gneis- 
soid,  moderately  gabbroid,  Whiteface  anorthosite  containing  many 
lens-shaped  labradorities  or  “ augen  ” up  to  1 T/2  inches  long,  and 
in  some  portions  red  garnets.  This  anorthosite  also  has  in  it  many 


Fig.  1.  Sketch  of  part  of  an  exposure  on  top  of  Wilson  mountain  showing 
small  inclusions  of  IMarcy  anorthosite  in  gneissoid  granite.  Note  the 
magmatic  flow-structure  foliation  about  the  larger  fragments. 

inclusions  of  Grenville  hornblende-garnet  gneiss  in  the  form  of 
lenses,  strips  and  layers  from  less  than  1 foot  long  to  1 or  2 rods 
long,  these  being  arranged  parallel  to  the  foliation  of  the  ledge. 
It  is  thus  certain  that  this  anorthosite  must  have  been  in  a truly 
magmatic  state  when  it  caught  up  the  fragments  of  Grenville.  The 
immediate  relation  of  this  ledge  to  the  nearby  syenite  is  obscured 
by  drift,  but  no  doubt  it  is  an  inclusion. 

Along  the  western  side  of  the  Beech  hill  anorthosite,  which  is  an 
inclusion  in  the  syenite-granite,  there  are,  in  the  granite,  some 
small,  irregular  inclusions  of  Whiteface  anorthosite  with  indefinite 
boundaries,  and  with  distinctly  curving  flow-structure  in  the  granite 
around  them. 

In  the  narrow  belt  one-fourth  of  a mile  long,  already  described 
as  extending  across  the  southern  brow  of  Cobble  hill,  many  small 
inclusions  of  the  Whiteface  rock  occur  in  the  granite. 

A number  of  inclusions  of  the  Whiteface  rock,  each  from  1 to 
20  feet  across,  are  finely  shown  in  the  granitic  syenite  on  top  of 
the  hill  1 mile  east-southeast  of  Cobble  hill. 
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All  the  inclusions  of  anorthosite  above  mentioned  bear  exactly 
the  same  relations  to  the  inclosing  syenite-granite  as  do  the  inclu- 
sions of  Grenville,  and  it  seems  clear  that  the  upward  moving 
syenite-granite  magma  enveloped  masses  of  both  these  rock  series 
in  exactly  the  same  manner.  Thus  we  have  just  as  strong  evidence 
that  the  syenite-granite  is  distinctly  younger  than  the  anorthosite 
as  that  it  is  distinctly  younger  than  the  Grenville. 

Absence  of  Grenville  and  syenite-granite  from  the  anorthosite 
area.  It  is  a striking  fact  that  both  Grenville  and  syenite-granite 
are  almost,  if  not  quite,  absent  from  a large  part  of  the  anorthosite 
area  of  the  Adirondacks.  In  the  northeastern  half  of  the  anortho- 
site area  there  are  considerable  developments  of  both  Grenville 
and  syenite-granite.  In  the  southwestern  half  of  the  Adirondack 
anorthosite  area,  including  the  Schroon  Lake  quadrangle,  the 
absence  of  Grenville  and  syenite  or  granite  is,  however,  an  impres- 
sive fact,  though  it  must  be  remembered  that  many  square  miles  of 
this  have  not  been  carefully  studied.  The  detailed  Long  Lake, 
Schroon  Lake  and  Paradox  Lake  maps,  and  the  southern  half  of 
the  Elizabethtown  map,  show  no  Grenville  or  syenite-granite  well 
within  the  anorthosite  there  mapped.  So  far  as  known  to  the 
writer  this  is  also  true  of  the  southern  half  of  the  Mount  Marcy 
quadrangle. 

Bowen,  in  his  paper  on  “ The  Problem  of  the  Anorthosites,” 
dwells  upon  this  absence  of  Grenville  and  syenite-granite  from  so 
much  of  the  anorthosite,  and  he  offers  an  explanation  briefly  stated 
as  follows:1  “ If  one  pictures  the  syenite  and  the  anorthosite  as 
conventional  batholiths,  some  difficulty  is  experienced  in  accounting 
for  the  foregoing  facts  [see  above  paragraph].  It  is  necessary  to 
imagine  an  early  intrusion  of  a huge  plug  of  anorthosite  followed 
by  an  intrustion  of  syenite  which  took  the  form  of  a hollow  cylinder 
circumscribing  it  and  invading  it  only  peripherally.  . . . On  the 
other  hand,  if  one  pictures  the  Adirondack  complex  as  essentially  a 
sheetlike  mass  with  syenite  overlying  anorthosite  . . . one  would 
expect  to  find  areas  of  Grenville  roof  covering  the  syenite  in  places 
and  to  find  it  relatively  little  disturbed.  In  the  interior  and  eastern 
region  of  maximum  uplift  one  would  expect  to  find  the  deep- 
seated  anorthosite  laid  bare  and  to  find  it  free  from  areas  of  the 
roof.”  Also,  he  says,  because  of  the  deep  erosion  in  the  region  of 
maximum  uplift  one  would  expect  to  find  the  layer  of  syenite 
removed. 


1Jour.  Geol.,  25:223-24.  1917. 
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Some  of  the  more  important  objections  to  the  view  just  expressed 
are:  (i)  the  anorthosite  represents  a separate  and  distinctly  older 

intrusion  than  the  syenite-granite,  and  so  the  sheetlike  arrange- 
ment advocated  by  B'owen  is  out  of  the  question;  (2)  the  Adi- 
rondack anorthosite  area  is  by  no  means  practically  free  from 
masses  of  syenite-granite,  this  being  particularly  true  of  the  whole 
northeastern  half  of  the  area  where  there  are  many  large  and 
small  bodies  of  syenite  and  granite  in  the  form  of  real  intrusives  in 
the  anorthosite;  and  (3)  it  is  not  at  all  necessary  to  assume  that 
both  syenite-granite  and  anorthosite  were  batholithic  intrusions. 

An  explanation  offered  by  the  writer  to  account  for  the  absence 
of  Grenville  and  syenite-granite  from  so  much  of  the  anorthosite 
area  may  be  briefly  stated  as  follows.  The  anorthosite  is  con- 
sidered to  be  a laccolith  not  much  greater  across  than  the  present 
area  of  outcrop.  Its  intrusion  was  soon  followed  by  a very  irregu- 
lar intrusion  of  the  great  body  of  generally  rather  highly  fluid 
syenite-granite  magma.  That  the  syenite-granite  magma  was 
mostly  rather  highly  fluid  is  proved  by  its  great  power  to  cross- 
cut, intimately  penetrate,  break  up  and  tilt  the  Grenville  strata. 
Only  exceptionally  did  local  portions  of  this  magma  invade  the 
Grenville  strata  in  true  laccolithic  fashion.  Both  the  anorthosite 
and  the  syenite-granite  are  believed  to  have  intruded  a very  thick 
mass  of  essentially  undisturbed  Grenville  strata,  largely  or  alto- 
gether free  from  orthogneiss.  The  southwestern  half  of  the 
anorthosite  body,  which  is  so  free  from  masses  of  Grenville  and 
syenite-granite,  is  believed  to  represent  the  greatest  bulk  of  the 
anorthosite  where  the  laccolithic  magma  was  thickest  and  reached 
its  highest  level.  The  northeastern  half  of  the  anorthosite  as  now 
exposed  is  regarded  as  the  portion  where  the  anorthosite  magma 
spread  out  as  a relatively  much  thinner  layer  whose  surface  was 
at  a notably  lower  level  than  that  of  the  thicker  portion  to  the 
southwest  (see  figure  2).  Because  of  the  greater  uplift  of  the 
southwestern  portion,  the  Grenville  cover  has  there  been  almost,  if 
not  completely,  removed  by  erosion.  But  many  areas  of  the  Gren- 
ville roof  remain  over  the  thinner  northeastern  part  of  the  anortho- 
site where  the  uplift  was  much  less.  Thus  we  have  a simple 
explanation  of  the  absence  of  the  Grenville  from  so  much  of  the 
anorthosite  area.  After  the  solidification  of  the  great  body  of 
anorthosite,  the  syenite-granite  magma  was  batholithically  intruded 
in  a rather  highly  fluid  state,  and  it  tended  to  avoid  penetration  of 
the  anorthosite  which  was  much  more  massive,  homogeneous  and 
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resistant  than  the  great  mass  of  surrounding  practically  undis- 
turbed Grenville  strata.  This  satisfactorily  explains  not  only  why 
syenite-granite  masses  are  scarcer  within  the  anorthosite  area  than 
in  the  Adirondack  region  in  general,  but  also  why  syenite-granite 
is  almost,  or  entirely,  absent  from  the  southwestern  half  of  the 
anorthosite  area.  May  not  there  have  been  a wide  magmatic  feed- 
ing channel  extending  northwest  by  southeast  under  the  main 
body  of  the  southwestern  half  of  the  anorthosite?  On  this  view, 
the  thickest  portion  of  the  laccolith  developed  directly  over  the 
wide  feeding  channel  which  extended  far  down,  with  the  result 
that  this  portion  of  the  anorthosite  intrusive  body  was  very  resistant 
to  intrusion  by  the  syenite-granite  magma.  The  northeastern  por- 
tion, of  the  anorthosite,  because  notably  thinner,  was  penetrated  by 
considerable  masses  of  the  syenite-granite  magma,  as,  for  example, 
in  the  Lake  Placid  and  Ausable  quadrangles.  Here  again  we  have 
a simple  explanation  of  the  field  facts. 

Strongly  supporting  the  above  conception  is  the  evidence  from 
the  distribution  of  the  stocks  of  later  gabbro.  All  the  recent 
workers  in  Adirondack  geology  recognize  this  gabbro  as  distinctly 
younger  than  the  syenite-granite  series.  It  usually  occurs  in  the 
form  of  stocks  or  pipelike  bodies  rarely  more  than  a few  miles 
across.  Such  stocks  are  common  and  widespread  throughout  the 
Adirondack  region,  except  the  anorthosite  area.  Like  the  syenite- 
granite,  this  gabbro  is  singularly  absent  from  the  southwestern  half 
of  the  anorthosite  area.  In  the  Schroon  Lake  and  Elizabethtown 
quadrangles  a number  of  such  gabbro  stocks  each  from  2 to  4 miles 
long  lie  right  along  the  border  of  the  anorthosite  but  none  well 
within  it.  In  the  northeastern  half  of  the  anorthosite  area  gabbro 
stocks  occur  in  moderate  size  and  number.  It  is,  then,  very  clear 
that  this  later  gabbro  shows  the  same  sort  of  distribution  with 
reference  to  the  anorthosite  as  does  the  syenite-granite,  and  it  is 
believed  that  the  same  explanation  (see  above)  applies  to  both. 
Evidently  the  gabbro  intrusions,  too,  were  unable  to  penetrate  the 
thick,  very  resistant  southwestern  half  of  the  anorthosite 
laccolith. 

Origin  of  the  anorthosite  by  differentiation  in  a laccolith  of 
gabbroid  magma.  Laccolithic  structure  o]f  the  anorthosite.  After 
considering  a number  of  the  better  known  anorthosite  bodies  of  the 
world,  Daly1  concludes  that  all  of  them,  including  the  Adirondack 
mass,  are  to  be  regarded  as  laccoliths. 

2 Igneous  Rocks  and  Their  Origin,  p.  328-35.  1914. 
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The  writer  believes  the  Adirondack  anorthosite  (not  necessarily 
the  anorthosite  as  such)  was  intruded  essentially  laccolithically, 
and  the  syenite-granite  was  intruded  essentially  batholithically. 
But  it  is  not  at  all  necessary  to  assume,  as  does  Bowen,  that  both 
great  bodies  are  batholithic  if  they  are  regarded  as  distinctly  sepa- 
rate intrusions. 


|y  j Grenuille  strata 
HfttHllilMqrcy  anorthosite 
\r^r-r\Ch'illed  border  of  anorthosite 


Pro  babfy  qabbro  or  pendot/te 
^^^Sgenite-qra  n/tt  series 
LineAB-  present  erosion  surface 


Fig.  2 Highly  generalized  northwest-southwest  structure  section  through 
the  Adirondack  anorthosite  body,  showing  the  relation  of  the  anorthosite  to 
the  Grenville  and  syenite-granite  series 

Positive  proof  for  the  laccolithic  structure  of  the  Adirondack 
anorthosite  can  not  be  won  from  a study  of  its  relation  to  the 
intruded  Grenville  strata.  In  the  first  place,  only  a very  few 
(usually  small)  areas  of  Grenville  are  known  to  lie  against  the 
borders  of  the  anorthosite  because  the  Grenville  has  been  so  exten- 
sively cut  out  by  the  syenite-granite,  and  these  few  contacts  are 
almost  all  concealed  under  Pleistocene  deposits.  In  the  second 
place,  such  Grenville  strata  were  more  or  less  disturbed  a second 
time  by  the  later  syenite-granite  intrusion. 

Many  of  the  most  important  field  facts  best  harmonize  with  the 
conception  of  a laccolithic  structure  of  the  Adirondack  anortho- 
site. Among  these  facts  which  have  already  been  discussed,  are  the 
following:  The  chilled  border  facies  which  developed  as  an  upper 
as  well  as  an  outer  margin  resting  directly  upon  and  against  the 
Marcy  anorthosite;  failure  to  find  masses  of  Grenville  farther 
down  in  the  body  of  the  anorthosite  than  just  below  the  level  of  the 
inner  margin  of  the  chilled  border,  thus  indicating  the  power  of  the 
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anorthosite  to  have  lifted  rather  than  to  have  extensively  cross-cut 
or  engulfed  Grenville  strata;  and  failure  of  both  syenite-granite 
and  later  gabbro  to  penetrate  the  southwestern  half  of  the  great 
anorthosite  body,  and  moderate  penetration  of  the  northeastern 
half  by  the  rocks  just  named,  thus  very  strongly  suggesting  a lacco- 
lith very  thick  toward  the  southwest  and  relatively  thin  toward 
the  northeast. 

Probable  origin  of  the  anorthosite  by  settling  of  femic  minerals. 
The  writer’s  conception  is  that  the  anorthosite  resulted  from  the 
settling  of  femic  constituents  in  an  originally  gabbroid  intruded  or 
intruding  magma.  This  is  fundamentally  the  view  expressed  by 
Daly1  who  says : “ The  anorthosites  of  the  world  are  best  regarded 
as  . . . gravitative  differentiates  of  gabbroid  magma  ” usually  in 
laccoliths.  Regarding  differentiation  in  general  by  sinking  of  crys- 
tals, F.  W.  Clarke2  says:  “Gravitative  adjustment  is  presumably 
most  effective  in  slowly  cooling  magmas,  especially  when  partial 
crystallization  has  occurred.  The  minerals  first  formed  must  have 
time  to  sink.  The  rate  of  cooling,  therefore,  is  a distinct  factor  in 
the  differentiation  of  igneous  rocks.”  There  is  every  reason  to  think 
that  the  great  igneous  body  of  Adirondack  anorthosite  cooled  very 
slowly. 

Very  briefly  stated,  the  writer  considers  the  main  steps  in  the 
development  of  the  anorthosite  to  have  been  as  follows : first,  intru- 
sion of  a laccolithic  body  of  gabbroid  magma  only  somewhat 
greater  across  than  the  exposed  area  of  the  anorthosite;  second, 
relatively  rapid  cooling  of  the  marginal  portion  to  give  rise  to  the 
chilled  gabbroid  border  phase;  and,  third,  settling  of  many  of  the 
slowly  crystallizing  femic  minerals  in  the  still  molten  interior  por- 
tion of  the  laccolith,  leaving  a great  body  of  magma  to  crystallize 
gradually  into  anorthosite.  Thus  at  the  bottom,  and  probably 
nowhere  visible  in  the  field,  lies  a mass  of  pyroxenite  or  peridotite  ; 
next  above  it  the  thick  body  of  Marcy  anorthosite;  and  at  the  top 
and  on  the  outer  margins  the  chilled  gabbroid  border  facies  known 
as  Whiteface  anorthosite. 

The  border  facies  thus  merely  represents  the  very  outer  and 
upper  portions  of  the  original  gabbroid  magma  which  solidified  too 
rapidly  to  permit  much  settling  or  separation  of  femic  minerals 
from  it.  This  marginal  phase  came  into  direct  contact  with  the 


1 Igneous  Rocks  and  Their  Origin,  p.  229-43.  1914. 

* U.  S.  Geol.  Survey  Bui.  491,  p.  297.  1911. 
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country  rock  (Grenville)  and,  at  first,  when  it  was  in  its  most 
highly  fluid  state,  attacked  the  country  rock  with  sufficient  force 
to  engulf  portions  of  it,  send  some  dikes  into  it,  and  even  inti- 
mately penetrate  it.  Such  phenomena  have  been  observed  in  the 
Lake  Placid  and  the  Schroon  Lake  quadrangles.  For  most  part, 
however,  the  gabbroid  magma  was  too  stiff  to  cross-cut,  penetrate, 
break  up  and  tilt  masses  of  the  Grenville  in  a manner  at  all  com- 
parable to  the  later  syenite-granite  magma. 

Soon  after  the  intrusion  of  the  laccolith,  many  of  the  femic 
minerals  which  began  to  form  in  the  magma  just  below  and  within 
the  chilled  border  phase  began  to  precipitate,  thus  permitting  the 
accumulation  of  plagioclase  in  the  upper  levels  of  the  magmatic 
chamber.  Though  this  idea  of  settling  of  femic  minerals  is  much 
like  that  advocated  by  Bowen,  the  writer’s  hypothesis  differs  in  two 
important  respects.  First,  the  anorthosite  did  not  form  by  settling 
of  plagioclase  crystals,  and,  second,  there  was  no  development  of 
syenite-granite  residual  magma  over  the  anorthosite.  It  is  not 
necessary  to  believe  that  there  was  any  great  amount  of  settling  of 
femic  constituents  unless  we  assume  a very  femic  original  gab- 
broid magma,  because  femic  minerals  up  to  fully  io  per  cent  never 
precipitated  at  all,  these  being  now  present  in  the  typical  Marcy 
anorthosite.  Further,  the  femic  constituents  did  not  settle  through 
anything  like  such  a thick  mass  of  magma  as  required  by  Bowen’s 
hypothesis,  and  only  heavy  femic  minerals  sank,  and  not  femic 
minerals  followed  by  plagioclase  in  a magma  which  must  have 
become  increasingly  viscous. 

It  is  evident,  then,  that  the  gabbroid  magma  in  the  Adirondack 
region  must,  to  the  very  last  of  the  process,  have  contained  at  least 
a very  considerable  percentage  of  liquid  of  sufficient  fluidity  to 
have  allowed  the  crystals  to  sink  through,  and  this  residual  magma 
is  represented  by  the  present  anorthosite,  which  was  once  to  a 
very  considerable  degree  molten  as  such.  Could  the  magma  have 
possessed  sufficient  fluidity  long  enough  to  have  permitted  repeated 
wholesale  sinking  of  crystals  through  a very  great  thickness  of 
magma  as  required  by  Bowen’s  hypothesis? 

Origin  of  variations  in  the  anorthosite.  As  already  shown,  the 
anorthosite  contains  many  zones  or  belts  and  irregular-shaped  por- 
tions, some  distinctly  more  gabbroid,  and  others  distinctly  more 
highly  feldspathic  than  the  average  Marcy  anorthosite.  Many  of 
these  show  relatively  wide  gradation  zones  into  the  typical  rock, 
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while  others  are  more  sharply  separated.  There  are  also  many 
degrees  of  foliation  and  granulation,  and  differences  in  coarseness 
of  grain. 

The  conception  of  the  origin  of  such  variations  which  best  har- 
monizes with  the  field  facts  may  be  briefly  stated  as  follows . Dur- 
ing the  crystallization  of  the  anorthosite  magma,  formed  by  the 
process  outlined  above,  there  was  local  differentiation  in  the  upper 
portion  of  the  magma  reservoir  whereby  many  portions  relatively 
richer  in  femic  constituents  separated  from  the  much  larger  por- 
tions relatively  poor  in  femic  constituents.  The  more  femic  por- 
tions, which  contained  more  liquid,  and  hence  were  freer  to  flow, 
were,  in  many  cases,  more  or  less  shifted  by  movements  during  a 
late  stage  of  magma  consolidation  to  form  the  crude  bands  or  zones 
often  well  foliated  and  rather  sharply  separated  from  the  purer 
anorthosite.  Those  belts  or  zones  of  more  gabbroid  anorthosite 
which  gradually  pass  into  purer  anorthosite  probably  represent 
differentiates  essentially  in  situ.  That  there  must  have  been  notable 
movements  during  a late  stage  of  magma  consolidation  is  abun- 
dantly proved  by  the  magmatic  flow-structure  foliation,  more 
especially  in  the  gabbroid  zones,  but  also  not  rarely  in  the  typical 
Marcy  anorthosite.  It  is  also  believed  that  these  late  magmatic 
movements  caused  much,  or  all,  of  the  notable  granulation  of  the 
anorthosite.  But  this  granulation  is  by  no  means  true  only  of  the 
anorthosite.  The  syenite-granite  series  and  the  later  gabbro  usu- 
ally exhibit  high  degrees  of  granulation  and  more  or  less  well- 
developed  foliation  due  to  the  same  cause. 

Syenite-granite  Series 

General  statements.  The  syenite-granite  series  is  very  promi- 
nently developed  in  the  Schroon  Lake  quadrangle  where  it  occu- 
pies most  of  the  southeastern  half  of  the  area.  Definitely  known 
areas,  essentially  free  from  intimate  associations  with  other  rocks, 
total  fully  75  square  miles.  To  these  must  be  added  a few  square 
miles  more  which  are  mapped  with  the  mixed  rocks  or  are  con- 
cealed in  the  areas  mapped  as  Pleistocene.  The  syenite-granite 
series  is,  therefore,  about  as  extensively  developed  as  the  anortho- 
site series  of  the  quadrangle.  No  syenite  or  granite  whatever  was 
found  in  the  great  area  of  Marcy  anorthosite,  and  an  explanation  of 
this  fact  is  offered  above  in  the  discussion  of  the  anorthosite.  The 
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series  shows  many  variations  from  quartz  syenite  through  granitic 
syenite  to  granite.  Since  it  is  part  of,  and  in  almost  every  way 
similar  to,  the  well-known  syenite-granite  series  of  the  Adirondack 
region,  it  seems  unnecessary  to  enter  into  detailed  descriptions 
here.  The  interested  reader  will  find  more  or  less  elaborate  descrip- 
tions and  discussions  of  the  age  and  relations  of  the  syenite-granite 
series  in  the  various  special  papers  and  New  York  State  Museum 
bulletins  pertaining  to  the  Adirondack  region. 

That  the  syenite-granite  is  younger  than  the  anorthosite  of  the 
quadrangle  is  proved  by  dikes  and  a broad  tongue  of  granite  intru- 
sive into  the  anorthosite,  and  by  inclusions  of  anorthosite  in  both 
the  syenite  and  granite.  Actual  examples  are  cited  above  in  the 
discussion  of  the  anorthosite.  In  fact,  the  occurrence  of  numerous 
small  to  large  inclusions  and  isolated  areas  of  anorthosite  in  the 
syenite-granite  series  as  far  out  as  7 or  8 miles  from  the  solid 
body  of  anorthosite,  strongly  supports  the  view  that  the  whole 
anorthosite  border  was  badly  intruded  and  cut  to  pieces  by  the 
syenite-granite  magma,  the  present  inclusions  and  isolated  masses 
being  merely  remnants  of  the  former  more  extensive  body  of 
anorthosite. 

That  the  syenite-granite  is  distinctly  younger  than  the  Grenville 
is  abundantly  proved  by  many  small  to  large  inclusions  of  the  Gren- 
ville, and  by  tongues  and  dikes  of  the  syenite  or  granite  in  the 
Grenville.  Some  of  the  inclusions  large  enough  to  be  separately 
mapped  are,  1 mile  northwest  of  Schroon  Lake  village;  western 
side  of  Thurman  pond ; one-half  of  a mile  east  of  South  Schroon ; 
western  face  of  Wilson  mountain;  both  south  and  west  of  Oliver 
pond;  ij4  miles  east  of  Sherman  pond;  1 *4  miles  west-southwest, 
and  1 y2  miles  north-northwest  of  the  summit  of  Hayes  mountain; 
and  1 y2  miles  east-southeast  of  Boreas  river.  Most  of  these  are 
lens-shaped  inclusions  parallel  to  the  foliation  of  the  inclosing 
rocks.  The  larger  masses  of  Grenville  represented  on  the  geologic 
map  are  probably  also  best  to  be  regarded  as  inclusions.  In  the 
granite  of  the  Lester  dam  mixed  rock  area  there  are  numerous 
drawn  out  or  lenslike  inclusions  of  hornblende  gneiss.  The  mixed 
rocks  in  the  areas  south  of  Calahan  pond,  southwest  of  Minerva, 
west  and  southwest  of  Charley  hill,  north  of  Loch  Muller,  and 
west  of  Schroon  Lake  village  are  Grenville  gneisses  all  cut  to 
pieces  by  dikes  or  tongues  of  syenite  or  granite.  Tongues  or  broad 
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dikes  of  granite  and  syenite  extending  right  out  into  Grenville  are 
well  represented  on  the  map  north  and  northwest  of  Minerva,  and 
south-southwest  of  Irishtown. 

Description  of  syenite  and  granitic  syenite.  Practically  all 
the  syenite  of  the  quadrangle  is  more  or  less  quartzose.  As  has 
been  the  writer’s  custom  for  some  years,  when  the  rock  contains 
not  over  20  per  cent  quartz  it  is  classed  as  normal  quartz  syenite, 
when  the  quartz  content  lies  between  20  and  25  per  cent  it  is  called 
granitic  syenite,  and  when  there  is  more  than  25  per  cent  quartz 
the  rock  is  called  granite.  The  syenite  of  the  quadrangle  is  much 
less  extensively  developed  than  usual  in  the  Adirondack  region, 
and  much  of  this  is  really  granitic  syenite,  no  attempt  having  been 
made  to  separate  the  normal  and  granitic  phases  on  the  geologic 
map  because  of  the  general  unsatisfactoriness  of  exposures. 

The  two  facies  of  the  syenite  are  typically  medium  grained, 
though  somewhat  variable  to  finer  and  coarser  grained.  Distinctly 
porphyritic  facies  were  not  observed.  Granulation  is  very  common, 
in  some  cases  being  highly  developed  especially  as  regards  the 
feldspar,  and  less  commonly  the  quartz. 

A dark  greenish  gray  is  the  prevailing  color  of  the  fresh  syenite 
as  usual  in  the  Adirondacks,  though  the  more  granitic  facies  are 
often  pinkish  gray.  Reddish  syenite,  directly  associated  with 
green  syenite,  is  well  exposed  in  and  near  the  quarries  one-half 
of  a mile  east  of  South  Schroon.  All,  except  some  of  the  pinkish 
facies  relatively  free  from  femic  minerals,  weather  to  light  brown, 
the  weathered  portion  seldom  extending  more  than  a few  inches 
below  the  surface. 

Seldom  does  the  syenite  fail  to  exhibit  a foliated  structure. 
It  is,  in  most  cases,  moderately  developed,  but  in  some  cases  it 
is  faint  and  in  others  very  pronounced. 

It  should  be  noted  that  marked  differences  in  granularity,  granu- 
lation, foliation  and  color  not  uncommonly  occur  locally,  in  some 
cases  in  single  outcrops,  or  even  in  hand  specimens. 

Very  typical,  fresh,  moderately  gneissoid,  greenish  gray,  normal 
quartz  syenite  is  finely  exposed  in  the  larger  of  the  two  quarries 
by  the  road  one-half  of  a mile  east  of  South  Schroon.  No.  6 of 
table  2 shows  the  mineral  content  of  a thin  section  of  this  rock. 
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Table  2 Thin  sections  of  syenite,  granitic  syenite,  and  granite 


Slide  no. 
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No.  5,  by  road  one-third  of -a  mile  east  of  South  Schroon;  no.  6,  quarry 
one-half  of  a mile  east-northeast  of  South  Schroon;  no.  7,  cross-roads 
one-half  of  a mile  northeast  of  Muller  pond;  no.  26,  one-half  of  a mile 
north-northwest  of  Bailey  pond;  no.  28,  from  granitic  syenite  area  1^ 
miles  northeast  of  Bailey  pond;  no.  49,  southeastern  base  of  Severance 
hill;  no.  1,  top  of  hill  miles  southwest  of  Taylors  on  Schroon;  no.  2, 
quarry  one-half  of  a mile  a little  west  of  north  of  Moxham  pond;  no.  3, 
lake  shore  one-third  of  a mile  northwest  of  Adirondack  village;  no.  4, 
1 mile  east-northeast  of  Pat  pond;  no.  8,  one-half  of  a mile  northeast  of 
summit  of  Cobble  hill;  no.  9,  from  tongue  of  granite  cutting  anorthosite 
1 mile  south  of  Sand  pond;  no.  25,  old  road  crossing  Minerva  stream  1 
mile  north  of  mouth  of  Hewitt  pond  brook;  no.  31,  east  of  brook  at  north 
end  of  granite  area  2 miles  northeast  of  Bailey  pond;  no.  32,  little  hill  just 
west  of  Hewitt  pond;  nos.  34  and  315,  southern  brow  of  Cobble  hill. 


From  table  2 it  is  seen  that  microperthite  always  occurs  as  the 
most  prominent  constituent  of  the  syenite,  while  oligoclase  and 
quartz  are  always  present  in  smaller  amounts.  Orthoclase  is  more 
variable  and  sometimes  absent.  No.  7 is  a fine  example  of  a dis- 
tinctly basic  or  dioritic  facies  of  the  syenite.  Nos.  26  and  49  show 
reaction  rims  of  garnet  around  magnetite.  No.  31  is  highly  granu- 
lated along  some  zones  parallel  to  the  foliation  in  the  thin  section. 

Description  of  granite  and  granite  porphyry.  The  granite  and 
granite  porphyry  are  regarded  as  differentiation  facies  of  the  great 
Adirondack  syenite-granite  series.  There  are  many  places  where 
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the  syenite  grades  through  granitic  syenite  into  granite,  but  not  a 
single  locality  was  observed  where  syenite  definitely  cuts  granite 
or  vice  versa.  The  writer  has  been  unable  to  demonstrate  the 
existence  of  any  considerable  mass  of  granite  either  distinctly  older 
or  younger  than  the  normal  syenite,  though  small  pegmatite  and 
aplite  dikes  are  not  uncommon. 

As  regards  granularity,  granulation  and  foliation  the  statements 
above  made  with  reference  to  the  syenite  apply  almost  equally  well 
here.  Excessively  gneissoid  granite  with  highly  flattened  quartz 
and  feldspar  were  observed,  among  other  places,  one-fourth  of  a 
mile  northeast  of  the  summit  of  Cobble  hill,  on  the  southern  brow 
of  Bigsby  hill,  at  the  summit  of  Oliver  hill,  and  in  the  small  area 
of  granite  just  east  of  the  brook  near  the  trail  2 miles  northeast  of 
Bailey  pond. 

Most  of  the  granite  is  pinkish  gray,  to  pink,  or  even  reddish 
where  fresh,  but  locally  it  is  greenish  gray  or  gray.  It  usually 
weathers  to  pinkish  gray  or  light  brown. 

Like  the  syenite,  the  granite  exhibits  many  local  variations.  A 
hand  specimen  from  a ledge  by  the  lake  shore  one-fifth  of  a mile 
north  of  the  Adirondack  village  steamer  landing  is  distinctly  foli- 
ated and  granulated,  with  one  pink  band  especially  rich  in  feldspar 
adjacent  to  a band  very  rich  in  quartz  plus  some  garnets,  these  two 
bands  having  on  either  side  granite  consisting  of  quartz,  feldspar, 
and  hornblende  with  some  biotite.  These  bands  are  not  sharply 
separated.  In  the  quarry  one-half  of  a mile  north  of  Moxham 
pond,  the  granite  shows  notable  variations  in  coarseness  of  grain 
often  within  a foot  or  two. 

Table  2 shows  the  minerals  contained  in  some  thin  sections  of 
the  granite.  From  this  table  it  is  seen  that  the  two  most  conspicu- 
ous never  failing  constituents  are  microperthite  and  quartz.  In  a 
few  slides  microcline  occurs,  and  in  only  two  does  it  equal  or 
exceed  the  microperthite.  Orthoclase  usually  fails  and  it  is  never 
prominent. 

Granite  with  scattering  garnets  was  observed  in  several  places  as, 
for  example,  the  whole  mass  of  Pine  hill,  three-fourths  of  a mile 
west-southwest  of  Taylors  on  Schroon,  on  top  of  Ledge  hill,  and 
by  the  road  three-fourths  of  a mile  north-northeast  of  Pat  pond. 

In  a number  of  localities  numerous  lenslike  inclusions  of  horn- 
blende gneiss  (metagabbro  or  Grenville),  too  small  to  be  mapped, 
occur  in  the  granite  as,  for  example,  one-half  of  a mile  west  of 
Oliver  pond,  at  the  summit  of  Cobble  hill,  and  on  Ledge  hill  just 
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north  of  the  small  gabbro  stock.  An  inclusion  of  particular 
interest  is  shown  in  figure  8. 

The  granite  porphyry  is  quite  certainly  a differentiation  phase 
of  the  granite,  and  it  is  only  moderately  developed  within  the  quad- 
rangle. One  small  area  is  represented  on  the  map  in  the  very 
southeastern  corner,  and  another  on  the  southern  brow  of  Ledge 
hill,  while  the  largest  area  (about  1 square  mile)  takes  in  the 
vicinity  of  Pat  pond.  The  granite  porphyry  differs  from  the 
granite  only  in  being  coarser  grained  and  usually  more  or  less 
porphyritic. 

Grenville  or  Hornblende  Gneiss  (Metagabbro  ?)  and  Syenite- 
granite  Mixed  Rocks 

A number  of  small  areas  of  mixed  rocks  of  this  sort  are  repre- 
sented on  the  geologic  map.  The  Grenville  or  hornblende  gneiss 
(metagabbro?)  and  granite  are  so  intimately  associated  that  any 
attempt  to  separate  them  on  the  map  would  be  unsatisfactory.  The 
old  rocks  are  usually  cut  to  pieces  by,  or  form  inclusions  in,  the 
syenite-granite. 

In  the  small  area  just  south  of  Calahan  pond,  typical  granite 
contains  small  to  large  well-defined  inclusions  of  Grenville.  In  the 
two  garnet  mines,  the  larger  of  which  is  located  near  the  edge  of 
the  map  and  the  other  just  to  the  west,  the  rocks  are  highly  granu- 
lar red  garnet  in  considerable  masses  closely  associated  with  coarse 
pyroxenic  crystalline  limestone.  Contacts  are  sharp  against  the 
granite  in  the  smaller  mine,  but  not  in  the  larger  one.  A few  rods 
to  the  north  and  by  the  old  road,  there  is  a small,  sharply  defined 
inclusion  of  limestone  in  the  granite  parallel  to  the  foliation  of  the 
latter. 

In  the  area  covering  about  one-half  of  a square  mile  southwest 
of  Minerva  there  are  many  outcrops  of  both  granite  and  Grenville, 
the  two  often  being  closely  associated  in  single  outcrops.  Evi- 
dently the  Grenville  has  here  been  badly  cut  to  pieces  by  the 
granite. 

The  mixed  rocks  of  the  small  area  2 miles  north  of  Minerva  are 
described  along  with  the  associated  iron  ores  in  the  last  chapter  of 
this  bulletin. 

At  and  near  Lester  dam  there  are  extensive  outcrops  of  pinkish, 
very  gneissoid  granite  containing  much  hornblende  gneiss  in  the 
form  of  flattened  or  lenslike  inclusions  more  or  less  fused  into  the 
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The  small  area  three-fourths  of  a mile  north  of  Loch  Muller 
shows  good  exposures  of  hornblende  and  hornblende-garnet 
gneisses  shot  through  by  some  dikes  of  granite.  Some  of  the  garnets 
up  to  i or  2 inches  in  diameter  have  distinct  rims  of  hornblende. 

In  the  small  area  three-fourths  of  a mile  northwest  of  Loch 
Muller,  hornblende  gneiss  (metagabbro?)  is  shot  through  by  granite 
and  considerable  magnetite  is  associated  with  the  rocks. 

Of  the  small  areas  west  and  southwest  of  Charley  hill,  the  two 
farthest  out  are  chiefly  granite-  with  considerable  intermixed 
older  dark  gneisses,  while  the  one  nearer  Charley  hill  is  chiefly 
well-bedded  hornblende  gneiss  shot  through  by  irregular  dikes  of 
granitic  syenite. 

The  small  area  i mile  south-southwest  of  South  Schroon  is 
mostly  hornblende  gneiss  intricately  cut  into,  and  apparently  more 
or  less  assimilated  by,  granite. 

The  area  of  about  one-fourth  of  a square  mile  i mile  west  of 
Schroon  Lake  village  shows  many  good  exposures  of  hornblende 
and  hornblende-garnet  gneisses,  some  very  intimately  associated  with 
granite  in  the  form  of  small  streaks  and  bands,  and  some  less  inti- 
mately associated  in  bodies  of  considerable  size. 

An  exposure  by  the  road  i]/2  miles  a little  north  of  west  of 
Schroon  Lake  village  consists  of  very  gneissoid  to  almost  banded 
intimately  mixed  dark  gneiss  and  granite. 

The  small  area  i mile  northeast  of  South  Schroon  contains  very 
gneissoid  syenite  or  granitic  syenite  more  or  less  intimately  asso- 
ciated with  Grenville  hornblende  and  pyroxene  gneisses. 

Hornblende  gneiss  and  syenite  are  associated  in  the  area  on  the 
west  side  of  Thurman  pond. 

Keene  Gneiss 

General  statements.  One  of  the  most  interesting  rock  types 
of  the  region  is  locally  developed  as  belts  or  irregular  bodies  along 
or  near  portions  of  the  borders  between  the  anorthosite  and  the 
syenite-granite  series.  Both  the  Marcy  and  Whiteface  types  of 
anorthosite  show  such  border  rocks.  There  is  very  strong  evi- 
dence, based  upon  field  work  and  a study  of  thin  sections,  that  this 
is  really  a transition  rock  between  anorthosite  and  syenite  or 
granite  formed  by  actual  digestion  or  assimilation  of  anorthosite 
by  the  invading  syenite-granite  magma  along  portions  of  its  borders. 
The  writer  has  proposed  that  this  rock  be  called  “ Keene  gneiss,” 
because  a fine  exposure  of  the  typical  fresh  rock  occurs  by  the 
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road  just  north  of  the  village  of  Keene  in  the  Lake  Placid  quad- 
rangle. 

Fifteen  areas  of  mostly  Keene  gneiss  are  represented  on  the 
writer's  Lake  Placid  geologic  map  and  the  rocks  are  described  in 
the  accompanying  report.  Cushing  has  described  rocks  which 
probably  belong  in  the  same  category,  from  two  localities  on  the 
western  side  of  the  great  anorthosite  area.  Cushing  suggests  that 
these  rocks,  particularly  in  the  Long  Lake  quadrangle,  are  mag- 
matic assimilation  products.  Kemp  has  described  certain  peculiar 
types  of  gabbro,  called  the  Woolen  Mill  and  Split  Rock  Falls  types, 
as  occurring  in  the  Elizabethtown  quadrangle.  Kemp  says 

nothing  regarding  the  origin  of  these  types,  but,  in  the  writer’s 
judgment,  they  are  to  be  classed  as  Keene  gneiss.  These  seem  to 
be  the  only  rocks  of  the  sort  in  the  Adirondack  region  regarding 
which  even  brief  published  statements  by  other  workers  have  been 
made.  The  whole  problem  of  the  Keene  gneiss  is  rather  fully  dis- 
cussed in  the  writer’s  recent  paper  1 on  “Adirondack  Anorthosite.” 

Megascopic  characters.  The  typical  Keene  gneiss  presents  a 
different  appearance  from  any  other  Adirondack  rock.  In  the 
Lake  Placid  and  Schroon  Lake  quadrangles,  the  typical  rock  is 
medium  grained,  gneissoid,  notably  granulated,  and  looks  much 
like  some  facies  of  the  syenite-granite  series  except  for  scattering 
phenocrysts  of  bluish  gray  labradorites  up  to  an  inch  long.  These 
phenocrysts,  which  are  rounded  and  usually  elongated  parallel  to 
the  foliation  of  the  rock,  doubtless  represent  cores  of  crystals 
which  survived  the  process  of  granulation.  Locally  the  pheno- 
crysts are  absent  or  only  sparingly  present,  and  such  facies  of  the 
Keene  gneiss  are  often  difficult  to  distinguish  in  the  field  from 
certain  phases  of  the  syenite-granite  series.  Under  the  micro- 
scope, however,  the  distinction  may  generally  be  made.  A gneissoid 
structure  is  nearly  always  present  but  it  varies  notably,  in  some 
cases  being  practically  absent.  The  fresh  rock  is  usually  greenish 
gray,  and  it  weathers  brown. 

Microscopic  characters.  The  mineral  contents  of  thin  sections 
of  selected  samples  of  various  phases  of  the  rock  from  the  Schroon 
Lake  quadrangle  are  shown  in  table  3.  It  is  quite  clear  from  this 
table  that  the  Keene  gneiss  is  mostly  distinctly  intermediate  in 
composition  between  the  syenite-granite  and  the  anorthosite. 


1 Geol.  Soc.  Amer.  Bui.  v.  29,  no.  4.  1918. 
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Table  3 Thin  sections  of  Keene  gneiss 
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No.  27,  one-half  of  a mile  north-northwest  of  Bailey  pond;  no.  29, 
just  north  of  the  granite  by  the  trail  2 miles  northeast  of  Bailey  pond; 
no.  30,  1 mile  northeast  of  Bailey  pond;  no.  33,  eastern  slope  of  Bailey 
hill;  nos.  36,  36a  and  38,  southern  brow  of  Cobble  hill;  no.  46,  just  south 
of  the  brook  1 mile  east  of  Hewitt  pond;  no.  48,  one-fourth  of  a mile  south 
of  the  mouth  of  Hewitt  pond  brook. 

Descriptions  of  occurrences  in  the  Schroon  Lake  quadrangle. 

Most  of  the  Keene  gneiss  of  the  quadrangle  occurs  in  the  two 
largest  areas  separately  mapped  as  such,  but  in  the  areas  mapped 
as  anorthosite  and  syenite-granite  mixed  rocks,  there  are  many 
excellent  local  developments,  and  certain  of  these  will  be  con- 
sidered first. 

An  outcrop  on  the  southern  brow  of  Cobble  hill,  1 mile  due  south 
of  Bailey  pond,  is  very  significant  because  of  the  light  it  throws 
upon  the  local  origin  of  the  Keene  gneiss.  The  accompanying 
sketch  (figure  3)  shows  the  relationships.  This  Keene  gneiss  is 
distinctly  granitic  or  syenitic  in  appearance  except  for  the  many 
labradorite  crystals,  mostly  an  inch  long,  which  stand  out  as 
phenocrysts  more  or  less  parallel  to  the  crude  foliation  of  the 
otherwise  medium  grained  rock.  Nos.  36,  36a  and  38  represent 
thin  sections  of  this  Keene  gneiss  which,  though  variable,  is  dis- 
tinctly intermediate  between  the  granite  and  the  anorthosite  in  the 
same  ledge.  Within  this  Keene  gneiss  there  are  inclusions  of 
Whiteface  anorthosite  (no.  37  of  table  1)  which  contain  some 
large  labradorites  and  also  scattering  femic  minerals  up  to  2 inches 
long,  more  or  less  lenslike  and  parallel  to  a distinct  foliation.  Con- 
tacts between  the  inclusions  and  the  Keene  gneiss  are  not  very 
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sharp.  Immediately  above  this  Keene  gneiss,  but  not  in  very  sharp 
contact  with  it,  is  a very  gneissoid  granite  (nos.  34  and  35  of 
table  2.)  which  contains  many  garnets.  This  gneissoid  granite 
grades  upward  into  typical,  medium  grained,  only  moderately 
foliated  granite  without  garnets.  A similar  typical  granite  lies 
against  the  Keene  gneiss  at  the  bottom,  but  the  contact  there  is 
quite  sharp.  The  writer’s  interpretation  is  that  the  upward  moving 
granite  magma  more  or  less  assimilated  some  Marcy  or  Whiteface 


Fig.  3 Sketch  of  part  of  the  great  ledge  at  the  southern  brgw  of  Cobble 
hill  showing  Keene  gneiss  in  its  relation  to  both  granite  and  Whiteface 
anorthosite.  Contacts  between  the  Keene  gneiss  and  both  Whiteface 
anorthosite  and  garnetiferous  granite  are  not  sharp,  but  the  contact  between 
the  Keene  gneiss  and  the  lower  granite  is  rather  sharp. 

anorthosite  at  a considerable  depth,  and  that  this  molten  mass 
(Keene  gneiss  magma)  rose  still  higher  and  caught  up  and  only 
partly  fused  the  borders  of  fragments  of  Whiteface  anorthosite. 
The  origin  of  the  garnetiferous  granite  is  not  so  certain,  though  it 
may  represent  a mass  of  granite  with  a small  quantity  of  anortho- 
site very  thoroughly  digested. 
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An  interesting  assemblage  of  rocks  is  well  exposed  on  the  steep 
hillside  one-half  of  a mile  north-northwest  of  Bailey  pond.  Com- 
monest of  all  is  good  Whiteface  anorthosite,  but  some  tongues  or 
dikes  of  granite  cut  through  it,  and  still  other  rock  is  quite  cer- 
tainly an  assimilation  product  of  the  two,  that  is  to  say,  Keene 
gneiss.  Most  of  the  rock  taken  to  be  Keene  gneiss  is  of  syenitic 
aspect  both  with  and  without  quartz,  but  some  contains  pheno- 
crysts  of  labradorite.  No.  27  of  table  3 represents  a thin  section 
of  this  Keene  gneiss,  but  the  labradorite  does  not  show  in  the  thin 
section. 

Still  other  local  developments  in  the  large  area  of  “ anorthosite 
and  syenite-granite  mixed  rocks  ” are  described  below. 

A number  of  small  (not  mappable)  inclusions  of  Whiteface 
anorthosite  occur  in  the  granite  along  the  western  side  of  the  Beech 
hill  Whiteface  anorthosite  area.  The  borders  of  these  inclusions 
have  been  fused  and  assimilated  by  the  granite  which  shows  curved 
flow-structures  around  the  inclusions. 

Interesting  exposures  occur  in  the  small  area  of  Whiteface 
anorthosite  and  syenite  mixed  rocks  near  the  southeastern  base  of 
Severance  hill.  The  rock  is  mostly  quartz  syenite  (no.  49  of 
table  2)  which  contains  numerous  inclusions  of  Whiteface  anortho- 
site. These  inclusions  are  very  irregular  and  usually  only  a few 
feet  long  without  sharp  boundaries  against  the  syenite.  Evidently 
syenite  magma  rising  through  Whiteface  anorthosite  caught  up 
numerous  small  fragments  of  it,  the  borders  having  been  assimilated 
to  form  Keene  gneiss  on  small  scales. 

On  large  scales  the  geologic  map  shows  two  areas  of  Keene 
gneiss,  one  occupying  about  6 square  miles,  and  the  other  nearly 
3 square  miles,  in  the  central  portion  of  the  quadrangle.  Before 
the  intrusion  of  the  large  gabbro  stock,  the  two  areas  were  prob- 
ably connected  with  a total  length  of  7 miles,  extending  from 
Rogers  pond  to  and  beyond  Bailey  hill.  These  bodies  of  Keene 
gneiss  lie  mostly  against  typical  Marcy  anorthosite,  but  also,  to 
some  extent,  against  Whiteface  anorthosite,  the  border  facies  of 
the  anorthosite  here  having  been  very  largely  assimilated  by  the 
syenite-granite  magma.  Throughout  the  larger  area  especially, 
there  are  a good  many  small  masses  of  Whiteface  anorthosite,  a 
few  of  sufficient  size  to  be  mapped.  There  are  also  some  outcrops 
of  fairly  good  granite  and  granitic  syenite,  thus  showing  that  all 
the  original  Whiteface  anorthosite  was  not  assimilated.  The  main 
body  of  the  rock  is,  however,  quite  typical  Keene  gneiss,  there  being 
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particularly  fine  exposures  on  the  eastern  slope  of  Bailey  hill,  and 
along  the  middle  of  the  crest  of  Washburn  ridge. 

Certain  localities  of  special  interest  in  the  larger  area  will  now 
be  described.  One  of  these  is  along  the  brook  2 miles  northeast 
of  Bailey  pond.  By  the  trail  there  is  a large  outcrop  of  peculiar, 
variable  rock.  There  are  some  small  patches  of  Whiteface  anor- 
thosite embedded,  but  most  of  the  rock  has  a granitoid  texture  and 
contains  scattering  bluish  gray  labrado rites  up  to  an  inch  long  (see 
no.  29  of  table  3).  This  latter  rock  looks  much  like  the  Cobble 
hill  rock  above  described  except  for  fewer  labradorites,  and  it  is 
considered  to  be  Keene  gneiss  with  a history  similar  to  that  on 
Cobble  hill.  Just  across  the  brook  to  the  east  there  is  a big  ledge 
of  very  highly  foliated  medium-grained  granite  gneiss  with  both 
the  quartz  and  feldspar  highly  flattened  out  parallel  to  the  foliation. 

An  interesting  lot  of  rocks  occur  on  Washburn  ridge  1 mile 
north-northeast  of  Bailey  pond.  A little  to  the  north  of  this  local- 
ity (see  map)  a considerable  body  of  typical  Whiteface  anorthosite 
is  exposed.  A few  rods  to  the  south  of  the  anorthosite  there  are 
exposures  of  mostly  distinctly  gneissoid  rocks,  syenitic  in  appear- 
ance but  containing  tiny  garnets  and  some  large  bluish  labradorites, 
these  latter  not  always  being  arranged  parallel  to  the  foliation. 
No.  30  of  table  3 represents  a thin  section  of  this  rock,  but  none 
of  the  labradorite  happened  to  appear  in  the  section.  This  rock 
is  quite  certainly  Keene  gneiss.-  Some  portions  of  these  same  ledges 
strongly  suggest  rather  gabbroid  garnetiferous  facies  of  Whiteface 
anorthosite.  A few  rods  still  farther  south,  typical  granitic  syenite 
is  exposed  as  shown  on  the  geologic  map.  A careful  study  of  these 
ledges  on  Washburn  ridge  strongly  supports  the  view  that  White- 
face  anorthosite  has  there  been  acted  upon  by  granitic  or  syenitic 
magma,  some  of  the  anorthosite  having  remained  unaffected,  some 
having  been  partially  assimilated,  and  still  others  completely  assimi- 
lated, while  unaffected  granitic  syenite  outcrops  at  the  south.  The 
actual  extent  of  the  granitic  syenite  here  is  unknown  because  no 
exposures  of  any  kind  occur  for  fully  a mile  to  the  south.  On  the 
crest  of  the  southern  portion  of  Washburn  ridge,  and  continuing 
for  one-half  of  a mile  north  from  the  area  of  Whiteface  anorthosite 
(see  map),  a somewhat  variable,  medium  to  fine-grained,  basic, 
syenitic-looking  rock  full  of  tiny  garnets  shows  in  good  exposures. 
Though  large  labradorites  are  absent,  this  rock  is  thought  to  have 
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resulted  from  pretty  thorough  assimilation  of  Whiteface  anorthosite 
by  syenite  or  granite  magma.  Still  farther  north  on  Washburn 
ridge  very  typical  Keene  gneiss  is  well  exposed. 

Many  fine  ledges  of  very  typical  Keene  gneiss  occur  on  the 
eastern  face  of  Bailey  hill,  no.  33  of  table  3 representing  a thin 
section  of  this  rock. 

In  the  smaller  of  the  two  largest  areas  of  Keene  gneiss,  exposures 
are  generally  rather  scarce  except  on  the  ridge  north  of  Rogers 
pond  where  the  rock  toward  the  south  contains  relatively  few 
large  labradorites  and  suggests  a gradation  into  granite,  while 
toward  the  north  the  large  labradorites  are  common  and  the  rock 
appears  to  grade  into  the  Marcy  anorthosite. 

An  area  about  1^4  miles  long  of  mostly  Keene  gneiss  occupies 
approximately  one-half  of  a square  mile  west,  south  and  south- 
east of  the  mouth  of  Hewitt  pond  brook  (see  map).  A number  of 
good  exposures  show  the  rock  to  be  somewhat  variable,  but  it  is 
unusually  rich  in  hornblende  and  never  contains  phenocrysts  of 
labradorite.  In  the  field  the  rock  looks  much  like  a gabbroid  facies 
of  Whiteface  anorthosite,  but  thin  sections  (nos.  46  and  48  of  table 
3)  and  the  field  relations  cause  it  to  be  rather  confidently  classed  as 
Keene  gneiss. 

Conclusion  as  to  the  origin  of  the  Keene  gneiss.  Enough 
examples  have  been  described  to  prove  that  the  Keene  gneiss  of 
the  Schroon  Lake  quadrangle  has  developed  on  small  and  large 
scales  by  assimilation  of  anorthosite  by  granite  and  syenite  magmas. 
If  we  adopt  Bowen’s  hypothesis,  this  Keene  gneiss  must  be  regarded 
as  having  developed  by  differentiation  in  situ  between  an  overlying 
sheet  of  syenite-granite  and  underlying  anorthosite.  If  one 
admits,  as  the  writer  does  not,  that  syenite  usually  may  have 
developed  by  differentiation  in  situ  close  upon  the  Marcy  anortho- 
site, how  can  one  imagine,  in  places  like  in  the  Schroon  Lake 
quadrangle,  a similar  development  of  granite  close  upon  the  anor- 
thosite? It  might  be  argued  that  the  granite  magma  formed  at  a 
higher  level  and  was  then  forced  downward.  But,  if  so,  it  must 
have  been  forced  downward  through  still  lower  syenitic  material. 
Not  only  is  the  field  evidence  against  this  view,  as  already  pointed 
out,  but  even  if  we  grant  it,  we  are  still  forced  to  conclude,  by  the 
obvious  field  facts,  that  the  granite  magma  produced  the  transi- 
tion rock  (Keene  gneiss)  by  assimilation  of  more  or  less  anortho- 
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site,  and  that  the  Keene  gneiss  was  not  formed  as  a differentiate 
in  situ  between  an  overlying  sheet  of  syenite-granite  magma  and 
underlying  anorthosite. 

Significance  of  distribution  of  Keene  gneiss.  The  Keene  gneiss 
can  not  be  a direct  differentiate  of  either  the  syenite-granite  series 
or  the  anorthosite  because  it  never  occurs  except  on  the  border, 
or  close  to  the  contact,  between  the  syenite  or  granite  and  the 
anorthosite.  If  we  make  the  very  simple  and  plausible  assumption 
that  the  anorthosite  was  still  very  hot  when  the  syenite-granite 
magma  was  intruded,  or,  in  other  words,  if  this  latter  magma  was 
forced  up  comparatively  soon  after  the  development  of  the  anor- 
thosite, the  usual  strong  objection  to  magmatic  assimilation,  namely, 
that  a magma  does  not  possess  a sufficiently  high  temperature  to 
raise  relatively  cold  country  rock  to  the  point  of  fusion,  is  distinctly 
obviated.  But  the  Keene  gneiss  is  not  universally  present.  In 
many  cases  where  no  Keene  gneiss  occurs  along  the  borders  between 
anorthosite  and  syenite  or  granite,  it  may  be  reasonably  assumed 
that  either  the  anorthosite  or  the  syenite-granite,  or  both,  in  those 
places  may  not  have  been  hot  enough  to  permit  assimilation. 

The  presence  of  Keene  gneiss  in  one  place  and  its  absence  from 
the  same  border  nearby,  may,  in  some  cases,  have  been  the  result 
of  unequal  upward  intrusion  of  Keene  gneiss  magma  which  orig- 
inated at  lower  levels. 

The  small  isolated  masses  of  Keene  gneiss  some  distance  out 
from  the  main  body  of  the  anorthosite  doubtless  represent  inclusions 
of  anorthosite  which  were  partly  or  completely  assimilated  by  the 
enveloping  syenite  or  granite  magma. 

The  failure  to  find  any  considerable  assimilation  of  Grenville 
either  along  its  borders  with,  or  where  involved  with,  the  syenite- 
granite  series  may  be  explained  on  the  basis  of  a temperature  of 
the  Grenville  too  low  to  have  permitted  any  more  than  compara- 
tively slight  assimilation  by  the  invading  syenite-granite  magma. 
It  should  be  borne  in  mind,  however,  as  pointed  out  in  a recent 
paper1  by  the  writer,  that  local  assimilation  of  the  Grenville  is 
known  to  have  taken  place  in  certain  parts  of  the  Adirondack 
region. 

Anorthosite  and  Syenite-granite  Mixed  Rocks 

A very  irregular-shaped  area  of  about  5 y2  square  miles,  includ- 
ing Hayes  mountain,  is  represented  on  the  map  as  anorthosite  and 


1 Geol.  Soc.  Amer.  Bui,  25  1254-60.  1914. 


52 


NEW  YORK  STATE  MUSEUM 


syenite-granite  mixed  rocks.  Enough  outcrops  were  observed  to 
render  it  certain  that  practically  all  this  area  was  originally  White- 
face  anorthosite  which  was  intruded,  and  more  or  less  cut  tQ  pieces, 
by  the  syenite-granite  magma.  Many  individual  outcrops  are  either 
anorthosite  or  syenite  or  granite  clearly  recognizable  as  such,  but 
here  and  there  local  assimilation  has  taken  place  resulting  in  the 
development  of  some  Keene  gneiss.  In  a few  cases  the  rocks  are 
admittedly  of  doubtful  origin.  Some  portions  of  the  area  show 
few  if  any  exposures  as,  for  example,  north  and  northeast  of 
Bailey  pond,  and  in  the  valley  between  Hayes  mountain  and  Cobble 
hill.  In  view  of  the  facts  just  stated,  it  has  seemed  impossible 
to  represent  satisfactorily  the  various  rock  types  on  the  geologic 
map.  A few  occurrences  of  particular  interest  will  be  described. 

Perhaps  the  most  interesting  occurrence  in  the  area  just  men- 
tioned is  at  the  summit  of  Cobble  hill  and  in  the  belt  containing 
Keene  gneiss  which  extends  east-west  for  fully  one-fourth  of  a 
mile  across  the  southern  brow  of  the  hill  (see  page  46).  Sur- 
rounded by  typical  granite,  there  are  inclusions  of  Whiteface  anor- 
thosite, most  of  them’  not  more  than  a few  feet  long,  arranged 
roughly  parallel  to  the  foliation  of  the  granite.  Some  of  the  inclu- 
sions are  rather  sharply  separated  from  the  granite,  many  of  them 
had  their  borders  assimilated,  while  still  other  anorthosite  caught 
up  in  the  granite  magma  was  completely  assimilated  to  form  Keene 
gneiss. 

The  interesting  lot  of  rocks  on  the  steep  hillside  one-half  of  a 
mile  north-northwest  of  Bailey  pond  has  been  described  above  under 
the  caption  “ Keene  gneiss.” 

A big  ledge  in  the  brook  at  the  old  road  crossing  1 mile  west- 
northwest  of  the  summit  of  Hayes  mountain  shows  typical  White- 
face  anorthosite  closely  involved  with  granite  with  apparently  slight 
development  of  Keene  gneiss. 

The  margins  of  the  small  body  of  Whiteface  anorthosite  sep- 
arately mapped  on  top  of  Hayes  mountain  appear  to  have  been 
assimilated  and  close  to  its  borders  the  anorthosite  carries  quartz 
(no.  18  of  table  1). 

The  small  area  of  anorthosite  and  granite  mixed  rocks  on  top 
of  Wilson  mountain  shows  numerous  little  inclusions  of  Marcy  anor- 
thosite in  the  granite,  these  having  been  described  in  the  above  dis- 
cussion. of  the  anorthosite.  The  relations  are  shown  in  figure  1. 
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In  the  small  area  near  the  southeastern  base  of  Severance  hill, 
syenite  contains  numerous  inclusions  of  Whiteface  anorthosite. 
These  inclusions  are  usually  only  a few  feet  long  and  very  irregular 
with  their  borders  more  or  less  assimilated  by  the  syenite. 

Gabbro  and  Metagabbro(  ?) 

Distribution.  These  gabbro  and  metagabbro  (?)  bodies  are,  in 
most  respects,  very  similar  to  those  of  the  North  Creek  quadrangle 
next  to  the  south  which  have  been  rather  fully  described  by  the 
writer  in  his  report  on  the  Geology  of  the  North  Creek  Quadrangle 1 
and  also  in  the  Journal  of  Geology,  volume  21,  pages  160-80.  On 
the  accompanying  Schroon  Lake  geologic  map,  twenty-five  gabbro 
masses  are  represented,  all  but  four  of  these  lying  wholly  within 
the  quadrangle.  They  are  well  scattered  over  the  southeastern 
two-thirds  of  the  quadrangle,  but  not  one  has  been  found  within 
the  area  of  Marcy  anorthosite.  A possible  explanation  of  their 
absence  from  the  anorthosite  area  is  given  above  in  the  discussion 
of  the  anorthosite.  As  usual  in  the  writer’s  experience  in  the 
Adirondacks,  these  gabbro  masses  appear  to  have  rounded  to 
elliptical  ground  plans  and  very  steep  walls.  The  variation  in 
length  of  the  areas  of  outcrop  is  from  one-fifth  of  a mile  or  less 
to  3 miles.  In  a few  of  the  areas  but  one  or  two  outcrops  could 
be  located. 

A striking  feature  of  the  distribution  is  the  fact  that  the  three 
largest  bodies  of  the  quadrangle  lie  along  the  border  of  the  Marcy 
anorthosite.  Kemp’s  Elizabethtown  map  shows  a similar  distribu- 
tion of  the  largest  gabbro  masses  there.  Also  on  Ogilvie’s  Paradox 
Lake  map  the  largest  mass  of  gabbro  occurs  along  the  anorthosite 
border.  This  remarkable  distribution  of  the  gabbro  bodies  with 
reference  to  the  anorthosite  may  be  merely  a coincidence,  or  it  may 
have  a real  significance.  If  the  latter,  the  writer  can  think  of  no 
very  plausible  explanation. 

Age.  Most  or  all  of  the  gabbro  is  younger  than  the  Grenville, 
anorthosite  and  syenite-granite  series  (1)  because  of  the  intrusive 
contacts  against  rocks  of  those  series,  (2)  because  dikes  of  gabbro 
extend  into  rocks  of  those  series,  and  (3)  because  inclusions  rep- 
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resenting  fragments  of  all  three  series  occur  in  the  gabbro.  Some 
of  the  metagabbro  (?)  is  quite  certainly  older  than  the  syenite- 
granite.1 

Pegmatite  dikes  and  certain  small  aplite  dikes  have  been  observed 
as  sharply  defined  intrusions  in  the  gabbro.  The  diabase  dikes  are 
later  intrusions  than  the  gabbro  as  proved  by  their  distinctly  finer 
grain,  and  the  fact  that  one  actually  cuts  the  gabbro  in  the  northern 
part  of  the  North  Creek  quadrangle.  It  is  therefore  evident  that 
at  least  three  very  distinct  minor  intrusions  succeeded  the  gabbro 
intrusions  of  the  quadrangle. 

Megascopic  features.  The  typical  nonfoliated  gabbro  is 
readily  distinguished  from  all  the  other  rocks  of  the  quadrangle. 
Such  rock  makes  up  the  main  or  interior  masses  of  nearly  all  the 
stocks,  especially  the  larger  ones.  It  is  medium  to  moderately 
coarse  grained,  dark  gray  to  almost  black  where  fresh,  and  it 
weathers  to  a deep  brown.  The  plagioclase  feldspar  varies  in  color 
from  a light  gray  to  a dark  bluish  gray.  A diabasic  texture  is 
usually  more  or  less  well  developed,  this  being  particularly  striking 
in  the  coarser  grained  facies.  Minerals  recognizable  with  the 
naked  eye  or  hand  lens  include  plagioclase,  pyroxene,  hornblende, 
Ilmenite  (or  magnetite)  and  nearly  always  biotite  and  red  garnet. 

Variations  from  the  typical  nonfoliated  gabbro  just  described 
are  common,  one  of  the  most  abundant  being  highly  foliated  border 
facies  (usually  amphibolite)  which  do  not  show  a diabasic  texture. 
Taken  by  themselves,  some  of  the  amphibolitic  border  facies  are 
very  difficult  to  distinguish  from  certain  Grenville  hornblende 
gneisses,  or  even  from  certain  very  gneissoid  gabbroid  facies  of 
the  Whiteface  anorthosite.  Nearly  always,  however,  the  mode  of 
occurrence  or  the  gradation  into  more  typical  gabbro  renders  cer- 
tain the  recognition  of  the  gneissoid  border  facies  of  the  gabbro 
(figure  4).  Even  the  more  typical  inner  portions  of  the  gabbro 
stocks  show  many  notable  variations  in  structure,  texture  and 
mineralogical  composition  as  pointed  out  below  in  the  special 
descriptions. 

Microscopic  features.  In  the  following  table  the  mineral  con- 
tents of  the  gabbro  is  represented  by  thin  sections  of  samples  from 
several  of  the  areas. 

1 Recent  work  by  the  writer  in  the  Lyon  Mountain  quadrangle  has  shown 
that  most  of  the  gabbn>  and  metagabbro  are  there  older  than  the  syenite- 
granite  series  which  leads  to  the  suspicion  that  some  of  the  Schroon  Lake 
quadrangle  gabbro  may  also  be  older  but  definite  evidence  is  lacking, 
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Table  4 Thin  sections  of  gabbro  and  diabase 


Slide  no. 

Field  no. 
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No.  39,  i mile  southeast  of  Minerva;  no.  40,  miles  east  of  Bailey 
pond  and  near  the  mapped  inclusion  of  granite;  no.  41,  middle  of  Texas 
ridge  gabbro  area;  rio.  42,  i]/2  miles  northeast  of  Lester  dam;  no.  43, 
top  of  Saywood  hill;  no.  44,  one-third  of  a mile  north  of  summit  of  Say- 
wood  hill. 

In  the  above  table,  nos.  41  and  42  are  more  typical  of  the  gabbro 
of  the  quadrangle,  while  nos.  39  and  40  are  rather  more  special 
or  acidic  facies.  The  more  normal  rock  is  therefore  an  olivine- 
bearing hypersthene  gabbro  or  norite.  The  garnet,  which  is  no 
doubt  of  secondary  origin,  mostly  forms  granulated  borders  about 
granulated  hypersthene.  In  slide  no.  41  the  biotite  mostly  forms 
reaction  rims  about  magnetite,  and  granulated  garnet  forms  rims 
around  granulated  hypersthene  in  nos.  41  and  42.  Nearly  colorless 
diallage  in  no.  41  exhibits  wonderful  parting  and  schillerization 
inclusions.  The  labradorite  of  nos.  41  and  42  are  filled  with  tiny 
dustlike  dark  inclusions. 

Special  descriptions.  The  Texas  ridge  mass  is  the  finest  large 
scale  example  of  a gabbro  stock  in  the  quadrangle.  It  covers  an 
area  of  approximately  3 y2  square  miles.  An  almost  continuous 
outcrop  occurs  along  the  whole  crest  of  the  ridge.  Near  the  south- 
ern end  of  the  ridge  a considerable  mass  of  well-foliated  pinkish 
gray  granite  forms  an  inclusion  in  the  gabbro  (see  map).  Imme- 
diately south  of  this  inclusion  the  gabbro  is  notably  variable,  being 
mostly  moderately  foliated,  but  some  big  ledges  are  medium  grained 
and  very  massive.  None  of  this  rock  exhibits  a diabasic  texture. 
No.  42  of  the  table  shows  the  mineral  contents  of  a thin  section 
of  the  more  common  rock,  and  this  is  seen  to  be  a distinctly  acidic 
or  dioritic  facies  even  carrying  considerable  orthoclase.  The  near- 
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ness  of  this  facies  to  the  inclusion  of  granite  from  which  it  is  not 
very  sharply  separated,  taken  in  the  light  of  various  observations 
made  by  the  writer  on  the  North  Creek  quadrangle  gabbro,  strongly 
supports  the  view  that  this  acidic  facies  of  the  gabbro  was  pro- 
duced by  assimilation  of  some  granite  during  the  intrusion  of 
the  gabbro  magma.  In  this  same  vicinity  some  outcrops  of  rather 
coarse-grained,  nonfoliated  gabbro  show  5 to  10  per  cent  red  garnets 
ranging  in  diameter  from  a millimeter  or  two  to  one-third  of  an 
inch.  These  variations  all  occur  within  a stone’s  throw.  Just 
north  of  the  granite  inclusion,  the  gabbro  is  medium  to  fine  grained, 
very  gneissoid,  and  relatively  richer  in  feldspar.  Gabbro  similar 
to  this  latter  also  appears  on  the  ridge  crest  about  three-fourths  of 
a mile  northeast  of  the  granite  inclusion;  otherwise  the  many 
exposures  along  the  whole  ridge  crest  are  very  typical,  medium 
grained,  nonfoliated  gabbro  with  diabasic  texture.  No.  41  of  table 
4 shows  the  mineral  content  of  a thin  section  of  this  typical  gabbro. 
Similar  gabbro  outcrops  in  considerable  force  near  the  extreme 
southwestern  end  of  the  area,  and  also  on  the  ridge  along  the 
eastern  side  of  the  area. 

The  Cheney  pond  stock  is  the  second  largest.  It  covers  nearly 
3 square  miles.  There  are  many  good  exposures.  Most  of  this 
gabbro  is  very  typical  in  every  way,  being  medium  to  moderately 
coarse  grained,  nonfoliated,  and  possesses  a diabasic  texture.  No.  42 
of  table  4 shows  the  minerals  contained  in  a thin  section.  Good 
exposures  of  the  amphibolitic  border  facies  occur  along  the  south- 
ern border  between  the  pond  and  the  old  road,  on  the  little  island 
in  the  pond,  and  where  the  river  enters  the  pond.  In  a field  a few 
rods  south  of  where  the  river  enters  the  pond,  a sharply  defined 
8-inch  inclusion  of  typical  Whiteface  anorthosite  occurs  in  the 
gneissoid  gabbro.  A body  of  granite  large  enough  to  be  mapped 
occurs  as  an  inclusion  in  the  gabbro  miles  northeast  of  the 
Lester  dam.  Whether  or  not  the  gabbro  near  this  inclusion  is 
more  acidic  than  usual  was  not  determined. 

The  large  stock  partly  shown  within  the  map  limits  northwest 
of  Cheney  pond  is  mostly  very  typical  gabbro  with  considerable 
amphibolite  developed  as  a border  facies.  In  a field  a few  rods 
north  of  the  house  (where  the  trail  leads  off)  there  are  some  very 
interesting  ledges  showing  amphibolitic  gabbro  and  Whiteface 
anorthosite  rather  intimately  associated. 

A number  of  good  exposures  show  the  gabbro  of  the  stock  about 
a mile  southeast  of  Minerva  to  be  mostly  medium  grained  and 
massive  with  only  poor  development  of  diabasic  texture.  Locally 
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a gneissoid  structure  is  clearly  evident.  Much  of  this  rock  well 
exhibits  the  peculiar  mottled  appearance  so  often  seen  in  those 
Adirondack  gabbros  which  are  relatively  free  from  diabasic  texture 
and  foliation,  this  mottling  being  due  to  the  irregular  distribution 
of  black  minerals  through  the  more  or  less  granulated  mass  of 
feldspar.  No.  39  of  table  4 gives  the  mineral  content  of  a thin 
section.  This  is  a distinctly  acidic  facies  and,  like  the  local  acidic 
facies  of  the  Texas  ridge  gabbro  above  described,  may  have  resulted 
from  assimilation  of  granitic  material  by  the  gabbro. 

The  small  gabbro  stock  on  the  hill  one-half  of  a mile  west  of 
Irishtown  contains  a io-foot  inclusion  of  thin-bedded  Grenville 
quartzite. 


Fig.  4 A small  exposure  showing  three  facies  of  gabbro  at  the  eastern 
margin  of  the  Oliver  hill  stock.  The  gabbro  is  cut  by  aplite  and  pegmatite 
dikes. 

Some  interesting  features  were  observed  in  connection  with  the 
Oliver  hill  gabbro  stock.  Just  south  of  the  summit  of  the  hill  the 
gabbro  sends  three  dikes  into  the  granite.  None  of  these  dikes 
is  more  than  a few  rods  wide,  and  one  is  amphibolitic.  At  the 
extreme  eastern  end  of  the  stock  a small  outcrop  shows  three  facies 
of  gabbro  — one  nonfoliated,  another  highly  foliated,  and  a third 
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amphibolitic  — cut  by  several  white,  fine-grained,  aplite  dikes  and 
a pegmatite  dike.  The  relations  are  brought  out  in  figure  4. 

The  stock  southeast  of  North  pond  shows  large  developments 
of  very  gneissoid  to  amphibolitic  facies  of  gabbro,  especially  in  its 
eastern  portion.  A ledge  of  rather  typical,  medium-grained  gabbro 
just  east  of  the  brook  one-fourth  of  a mile  north  of  its  junction 
with  Rogers  brook,  contains  many  lenses  and  strips  of  nearly 
white  Whiteface  anorthosite  as  inclusions  with  parallel  arrange- 
ment. A number  of  small  faults  intersect  the  ledge.  The  rela- 
tions are  brought  out  in  figure  5.  On  the  small  hill  in  the  west- 
ern part  of  the  area,  typical  nonfoliated  gabbro  is  involved  with 


Fig.  5 A sketch  of  part  of  an  outcrop  near  the  brook  at  the  southern 
margin  of  the  gabbro  stock  southeast  of  North  pond.  The  normal  gabbro 
(cross-lines)  contains  manv  parallel  strips  of  Whiteface  anorthosite  (black), 
and  the  whole  is  intersected  by  several  minor  faults. 

well-foliated  gabbro,  these  two  facies  forming  zones  or  belts  not 
very  sharply  separated  from  each  other.  This  foliation  is  very 
clearly  a flow-structure  due  to  magmatic  currents,  with  the  wavy 
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flow-lines  clearly  preserved.  Further,  these  well-foliated  zones  bear 
a distinct  resemblance  to  the  gneissoid  or  amphibolitic  border  facies 
of  the  gabbro  already  described,  and  thus  we  have  here  evidence 
strongly  supporting  the  view  that  the  foliation  of  the  amphibolitic 
border  facies  of  the  gabbro  is  really  essentially  the  result  of  mag- 
matic flowage. 

The  northern  part  of  the  small  stock  near  the  southern  end  of 
Ledge  hill  is  typical  gabbro  cut  by  one  small  pegmatite  dike  and 
several  small  aplite  dikes. 

Two  small  masses,  one  on  Cobble  hill  and  the  other  three-fourths 
of  a mile  northwest  of  Loch  Muller  are  hornblende  gneiss  (meta- 
gabbro?)  quite  certainly  older  than  the  granite. 

Aplite  and  Pegmatite  Dikes 

Aplite.  Aplite  dikes  were  observed  in  only  a few  localities 
but  probably  others  occur  within  the  quadrangle.  These  are  repre- 
sented only  in  a general  way  on  the  geologic  map.  They  probably 
do  not  all  belong  to  the  same  period  of  intrusion. 

The  best  display  of  aplite  dikes  is  on  Wilson  mountain.  These 
are  all  medium  to  fine  grained  and  none  are  foliated,  neither  do 
they  show  any  notable  difference  in  coarseness  of  grain  between 
center  and  sides.  On  the  western  summit  of  the  mountain  a num- 
ber of  small  aplite  dikes,  none  over  a foot  wide,  cut  clearly 
gneissoid,  coarse-grained,  pinkish  granite.  These  do  not  have  very 
sharp  boundaries  against  the  granite.  This  fact,  together  with 
their  uniform  medium-grained  texture,  suggests  that  these  aplite 
dikes  were  intruded  under  fairly  deep-seated  conditions  not  long 
after  the  intrusion  of  the  granite,  or  at  least  before  the  granite 
cooled  very  much,  so  that  the  aplite  magma  was  able  to  blend  with 
the  walls  of  the  granite  country  rock. 

On  the  eastern  summit  of  Wilson  mountain,  numerous  aplite 
dikes  very  similar  to  those  just  described,  and  with  a maximum 
width  of  4 feet,  cut  gneissoid  medium-grained  granite  also  without 
very  sharp  contacts. 

The  small  mass  of  anorthosite  and  granite  mixed  rocks  on 
Wilson  mountain  (see  map)  is  cut  by  a number  of  medium-grained 
aplite  dikes,  the  widest  being  5 inches,  and  all  showing  rather 
sharp  contacts  against  the  granite. 

Another  locality  is  near  the  southern  end  of  Ledge  hill  where 
several  aplite  dikes  very  sharply  cut  the  small  gabbro  stock.  The 
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largest  is  5 inches  wide,  visible  for  10  or  12  feet,  and  has  a branch 
bearing  off  abruptly  at  right  angles.  Another  is  2 inches  wide  and 
traceable  for  20  feet  in  the  gabbro.  None  of  these  dikes  could  be 
traced  into  the  surrounding  granite.  In  certain  respects  these  aplite 
dikes  are  quite  different  from  those  on  Wilson  mountain.  Most 
of  the  dike  material  is  fine  grained,  particularly  so  at  the  mar- 
gins, but  this  grades  into  a medium-grained,  narrow,  middle  por- 
tion which  is  very  persistent.  The  dike  rock  is  somewhat  weathered 
and  of  light-brown  color,  this  latter  probably  due  to  stains  from 
iron-bearing  minerals  in  the  gabbro.  Because  these  dikes  sharply 
cut  the  gabbro,  which  is  distinctly  later  than  the  granite,  and  because 
of  their  chilled  margins,  it  is  believed  that  they  were  intruded 
considerably  later  than  the  aplite  dikes  on  Wilson  mountain  above 
described.  A thin  section  shows  the  following  mineral  percentages : 
microperthite,  65;  oligoclase,  1;  quartz,  20;  diallage,  12;  mag- 
netite, 2 ; and  very  little  zircon.  The  thin  section  shows  a granitoid 
texture  and  no  granulation. 

At  the  eastern  end  of  the  Oliver  hill  gabbro  stock  a few  branch- 
ing, fine-grained,  white,  aplite  dikes  a few  inches  wide  cut  the 
gabbro,  the  relations  being  shown  in  figure  4.  Although  these  dikes 
are  white  and  do  not  have  distinctly  coarse  portions,  it  is  probable 
that  they  were  intruded  at  about  the  same  time  as  those  on 
Ledge  hill. 

Pegmatite.  A number  of  pegmatite  dikes  were  observed  in 
the  granite  on  top  of  Ledge  hill  for  one-half  of  a mile  northward 
from  the  gabbro  stock.  None  of  these  is  more  than  2 feet  wide, 
and  they  all  cut  sharply  across  the  foliation  of  the  granite  very 
irregularly.  Near  the  eastern  margin  of  the  gabbro  stock  a very 
small  pegmatite  dike  cuts  across  the  foliation  of  the  granite,  and 
nearby  another  cuts  the  gabbro. 

On  the  western  summit  of  Wilson  mountain  near  the  aplite 
dikes,  a number  of  very  small  pegmatite  dikes  sharply  cut  the 
granite.  Near  the  eastern  margin  of  the  Grenville  area  on  the 
western  face  of  Wilson  mountain,  several  small  pegmatite  dikes 
cut  a mixture  of  Grenville  and  granite. 

At  the  eastern  end  of  the  Oliver  hill  gabbro  stock  the  same  ledge 
which  contains  the  aplite  dikes  (see  figure  4)  is  also  cut  by  a small 
pegmatite  dike  which  is  without  very  sharp  contacts  against  the 
gabbro.  Whether  this  is  older  or  younger  than  the  aplite  was  not 
determined. 

Pegmatite  dikes  are  scarcer  in  the  Schroon  Lake  quadrangle 
than  is  usual  in  the  Adirondack  region.  Not  one  was  observed  in 
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the  large  body  of  anorthosite.  In  certain  other  quadrangles,  like 
the  Blue  Mountain,  the  writer  has  found  at  least  two  sets  of 
pegmatite  dikes  notably  different  in  age,  one  occurring  in  the  form 
of  narrow  masses  essentially  parallel  to  the  foliation  of,  and  not 
very  sharply  separated  from,  the  inclosing  syenite  or  granite,  and 
the  other,  generally  coarser  grained,  cutting  across  the  foliation 
of,  and  in  sharp  contact  with,  syenite  or  granite.  The  second  set 
is  quite  certainly  the  younger,  and  probably  all  the  observed  peg- 
matites in  the  granites  of  the  Schroon  Lake  quadrangle  belong  with 
the  younger  set.1 

Diabase  Dikes 

Diabase  dikes  were  observed  in  nine  localities  within  the  quad- 
rangle, but  doubtless  others  exist.  They  are  represented  on  the 
geologic  map.  Most  of  these  are  like  the  usual  diabase  dikes  of 
the  Adirondacks,  more  particularly  like  those  of  the  North  Creek 
quadrangle  described  by  the  writer.  Unlike  the  gabbro,  aplite,  and 
pegmatite,  several  of  the  diabase  dikes  cut  the  anorthosite.  The 
diabase  probably  represents  the  latest  Precambrian  intrusion  in  the 
Adirondack  region  as  shown  by  the  fine-grained  texture  and  usually 
very  distinct  chilled  borders,  and  also  by  the  fact  that  a diabase 
dike  actually  cuts  one  of  the  late  pegmatite  dikes  in  the  adjoining 
North  Creek  quadrangle.  A diabasic  texture  is  not  always  evident 
to  the  naked  eye,  but  in  thin  section  it  is  generally  recognizable. 
None  are  porphyritic,  but  several  show  very  distinct  magmatic 
flow-structure  foliation.  All  have  sharp  contacts  against  the  coun- 
try rocks. 

About  one-fifth  of  a mile  north  of  the  old  graphite  mine  at  the 
western  base  of  Catamount  hill,  a small  typical  diabase  dike  with 
strike  N 40°  E cuts  Grenville  gneisses. 

A diabase  dike  2 feet  wide  with  strike  S 20°  W is  well  exposed 
in  the  syenite  of  the  quarry  one-half  of  a mile  east-northeast  of 
South  Schroon. 

In  a ledge  of  gneissoid  granite  by  the  road  1 mile  west  of  Schroon 
Lake  village,  there  are  several  small  dikes  varying  in  width  from 
2 to  8 inches.  One  is  faulted  6 or  8 inches  at  two  places. 

A very  typical  diabase  dike  with  a maximum  width  of  40  feet 
and  strike  N 20°  E is  clearly  traceable  for  fully  one-half  of  a mile 
in  the  Whiteface  anorthosite  about  il/2  miles  north-northwest  of 

1 Certain  Adirondack  pegmatites  are  discussed  by  the  writer  in  a recent 
paper  (Jour.  Geol.,  vol.  27,  no.  1,  1919)  where  it  is  shown  that  some  pegma- 
tites developed  as  satellites  of  the  cooling  magmas  of  the  late  gabbros. 
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Schroon  Lake  village.  At  one  place  many  small  off-shoots  from 
the  dike  were  observed  to  cut  sharply  the  Whiteface  anorthosite. 

A dike  6 inches  wide  with  strike  N 20°  E cuts  Whiteface  anor- 
thosite at  the  summit  of  Severance  hill. 

A dike  of  very  typical  diabase  with  maximum  width  of  40  feet 
cuts  pinkish  granite  for  one-quarter  of  a mile  across  the  top  of  the 
little  hill  1%  miles  due  west  of  Grove  Point. 

Three  dikes  of  particular  interest  cut  typical  Marcy  anorthosite 
at  the  summit  of  Saywood  hill.  They  vary  in  width  from  6 inches 
to  iy2  feet  and  strike  N 20°  W.  These  dikes  all  show  rather  dis- 
tinct magmatic  flow-structure  foliation.  Diabasic  texture  is  absent, 
and  the  fresh  rock  is  dark  gray  with  numerous  black  ferro-mag- 
nesian  minerals  each  from  1 to  3 millimeters  long.  A close  inspec- 
tion reveals  many  tiny  red  garnets.  In  thin  section  (no.  43  of 
table  4)  this  rock  is  seen  to  be  a hypersthene  diabase. 

Near  the  top  of  the  hill  one-third  of  a mile  due  north  of  the 
summit  of  Saywood  hill  there  are  two  diabase  dikes,  one  15  feet 
wide  and  the  other  2 feet  wide,  traceable  for  a number  of  yards 
in  sharp  contact  with  the  Marcy  anorthosite.  The  narrower  dike 
is  probably  a branch  of  the  wider  one.  These  dikes  have  a good 
diabasic  texture,  and  they  are  finer  grained  toward  their  margins. 
Myriads  of  tiny  red  garnets  are  visible  under  the  hand  lens.  They 
show  no  foliation.  A thin  section  (no.  44  of  table  4)  shows  these 
dikes  to  differ  from  those  on  Saywood  hill  by  carrying  to  per  cent 
diallage,  and  oligoclase  to  labradorite  instead  of  labradorite  alone. 

On  the  ridge  one-half  of  a mile  north-northwest  of  Blue  Ridge 
village  a dike  2 feet  wide  sharply  cuts  the  Marcy  anorthosite  with 
strike  N 40°  W.  This  dike  looks  almost  exactly  like  those  on 
Saywood  hill  above  described. 

PALEOZOIC  ROCK  OUTLIERS 

Two  outliers  of  early  Paleozoic  strata  occur  within  the  Schroon 
Lake  quadrangle.  One  of  these,  in  and  near  the  village  of  Schroon 
Lake,  has  long  been  known,  but  the  other,  1^2  miles  southwest  of 
the  village,  was  located  by  the  writer  in  1916.  During  1917  the 
writer  discovered  another  outlier  in  the  valley  of  Schroon  river 
7 miles  north  of  Schroon  Lake  village.  The  outliers  at  and  near 
the  village  are  of  particular  geological  significance,  having  been 
formerly  connected  with  the  main  body  of  early  Paleozoic  strata  of 
both  the  Champlain  and  Mohawk  valleys,  but  now  being  isolated 
masses  from  13  to  16  miles  from  the  Champlain  valley  strata. 
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Potsdam  Sandstone  Southwest  of  Schroon  Lake  Village 

This  area  of  Potsdam  sandstone  lies  1/2  to  2 miles  southwest 
of  Schroon  Lake  village,  or  about  1 mile  west  to  southwest  of 
Grove  Point.  It  was  discovered  by  the  writer  in  1916.  Just  south- 
west of  the  forks  of  the  road  three- fourths  of  a mile  west  of  Grove 
Point,  there  are  four  exposures,  three  of  them  in  the  road  and 
the  other  just  across  the  fence  to  the  south  of  the  road.  The 
largest  outcrop  is  several  rods  long.  Paced  at  right  angles  across 
the  strike  of  these  exposures  the  distance  is  45  yards.  Since  the 
dip  is  west  50,  a thickness  of  about  12  feet  of  the  sandstone  occurs 
here  with  neither  top  nor  bottom  visible.  The  strata  strike 
N 30°  E.  In  the  brook  just  north  of  these  exposures  there  are 
many  angular  fragments  of  the  sandstone,  but  still  farther  north 
neither  fragments  nor  outcrops  occur,  so  that  the  northern  limit 
of  the  area  must  be  about  as  indicated  on  the  accompanying  geologic 
map.  For  fully  one-half  of  a mile  to  the  south-southwest,  within 
the  area  mapped,  a number  of  small  exposures  of  the  sandstone 
were  observed,  and  also  hundreds  of  angular  fragments  up  to  sev- 
eral feet  across.  Hundreds  of  angular  fragments  of  the  sand- 
stone also  occur  on  both  the  north  and  south  sides  of  Thurman 
pond,  but  a careful  search  failed  to  reveal  an  outcrop.  Probably 
these  are  simply  fragments  in  the  glacial  drift. 

In  all  the  outcrops  the  rock  is  in  every  way  typical  Potsdam 
sandstone,  being  gray,  well  stratified,  often  cross-bedded,  and  not 
very  coarse  grained.  The  layers  are  generally  from  a few  inches 
to  a foot  thick.  No  fossils  were  found.  That  these  beds  are  very 
close  to  the  bottom  of  the  Potsdam  formation  is  evident  from  the 
fact  that  granitic  syenite,  the  immediately  underlying  rock,  out- 
crops close  by  on  the  east  (see  map).  A fault  passes  along  the 
foot  of  the  hills  just  west  and  this  probably  marks  the  western 
boundary  of  the  sandstone,  though  no  exposures  of  any  kind  occur 
close  to  the  fault  on  its  east  side. 

Little  Falls  (?)  Dolomite  in  and  near  Schroon  Lake  Village 

Description  of  occurrences.  In  a paper  dealing  with  the  iron 
ores  of  northern  New  York  published  by  C.  E.  Hall1  in  1879,  men- 
tion is  made  of  this  outlier. 

In  his  Preliminary  Report  on  the  Geology  of  Essex  County ,2 
Professor  Kemp  briefly  describes  the  outlier  and  discusses  its 
significance. 

1 N.  Y.  State  Mus.  Rep’t  32,  p.  130-40.  1879. 

8 N.  Y.  State  Geol.,  15th  Annual  Rep’t,  1895,"  p.  596-98. 
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Since  no  detailed  study  of  this  outlier  has  yet  been  published, 
the  observations  made  by  the  writer  during  the  summers  of  1916 
and  1917  are  here  somewhat  fully  recorded. 

The  dolomitic  limestone  is  well  exposed  for  a distance  of  fully 
100  feet  along  the  shore  of  the  lake  just  north  of  the  steamer 
landing  in  the  village.  Plate  7 shows  the  general  appearance  of 
the  outcrop.  The  strike  of  the  beds  is  N 50°  E and  the  dip  N 230. 
A detailed  measured  section  follows : 

Feet  Inches 


6 Dolomitic  limestone  without  chert 3 o 

5 Dolomitic  limestone  with  much  dark  chert  in  the 
form  of  irregular  bunches  up  to  6 inches  or  even 

a foot  long 3 8 

4 Dolomitic  limestone  without  chert  or  calcite 2 o 

3 Dolomitic  limestone  much  like  2 below,  except 

that  chert  is  less  conspicuous  and  not  in  layers.  3 8 


2 Dolomitic  limestone  with  much  chert  mostly  in  thin 
layers,  but  some  in  irregular  bunches.  Also 
numerous  veinlets  and  bunches  of  calcite,  some 
of  which  is  dark  to  black  with  bituminous  mat- 
ter. On  the  weathered  surface  there  are  signs  of 
stratification  surfaces  separating  the  rock  into 

thin  layers  5 6 

1 Dolomitic  limestone  with  considerable  chert  (below 

the  water)  2 

Total 19  10 

The  dolomitic  limestone  of  this  section  is  dark  gray  weathering 
to  light  gray,  crystalline,  fine  grained  and  compact  in  texture.  It 
contains  numerous  rounded  quartz-sand  grains  not  visible  to  the 
naked  eye,  but  bits  of  the  rock  treated  with  hot  hydrochloric  acid 
leave  considerable  residues  of  the  fine  quartz-sand  grains.  Weath- 
ered surfaces  of  the  rock  are  generally  rough  and  deeply  pitted 
due  to  more  rapid  removal  of  the  irregular  calcite  bunches. 

The  greatest  thickness  of  limestone  exposed  in  any  one  section 
is  in  the  bed  of  Rogers  brook  between  its  mouth  and  the  main 
road.  These  beds  strike  N 50°  E and  dip  N 23 °,  and  the  stream 
descends  about  25  feet  as  a cascade  over  the  ledge.  The  approxi- 
mate thickness  of  this  section,  based  upon  careful  pacing  (160 
feet)  across  the  strike,  is  85  feet.  There  are  several  intervals  in 
the  section,  a thickness  of  5 or  6 feet  being  concealed  in  one  place. 
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W.  J.  Miller,  photo,  1916 

The  ledge  of  Little  Falls  (?)  dolomite  by  the  Lake  shore  a few  rods  north  of  the  steamer  landing  in  Schroon  Lake  village 
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Most  of  the  beds  are  from  6 inches  to  2 feet  thick  with  stratification 
surfaces  between  them  very  evident.  Such  beds  are  in  nearly  every 
way  like  those  above  described  as  occurring  just  north  of  the 
steamer  landing.  Chert  is  often  present.  Kemp,  in  the  paper 
above  referred  to,  states  that  “ thin  sections  of  the  chert  merely 
exhibit  a brown,  nearly  isotropic  base  with  numerous  rhombohedra 
of  calcite  or  dolomite  scattered  through  it.”  Some  relatively  thin 
layers  are,  however,  very  sandy.  Considering  the  strike,  dip  and 
location  of  this  section  and  the  one  just  north  of  the  steamer 
landing,  it  is  quite  clear  that  the  latter  underlies  the  former  with 
an  intervening  thickness  not  definitely  known,  but  probably  about  10 
feet.  Adding  this  10  feet  to  the  combined  thickness  of  the  two 
known  sections,  the  thickness  of  the  dolomitic  limestone  underlying 
this  part  of  the  village  is  at  least  115  feet,  with  neither  top  nor 
bottom  visible. 

Another  excellent  outcrop  occurs  in  the  quarry  in  the  north- 
eastern portion  of  the  village.  This  exposure  is  about  150  feet 
long  (1917)  parallel  to  the  strike  which  is  N 50°  E.  At  the  north 
end  the  dip  is  W 340,  and  at  the  south  end  W 30°.  A thickness 
of  28  feet  was  measured  across  the. southern  end  of  the  quarry,  and 
30  feet  across  the  northern  end.  The  rocks  are  very  distinctly 
bedded  in  layers  a few  inches  to  2 feet  thick,  usually  1 to  2 feet. 
Plate  8 gives  a good  idea  of  the  appearance  of  the  rock  in  the  quarry. 
Except  for  a few  thin,  black  shale  and  sandy  shale  partings,  the 
rock  is  all  dark  gray,  fine  grained,  crystalline^dolomitic  limestone 
very  similar  to  that  of  the  other  localities  above  described.  Scat- 
tering veinlets  and  bunches  of  calcite,  often  dark  with  organic  mat- 
ter, are  common,  but  no  chert  was  observed.  The  rock  weathers 
to  a light  gray.  Judging  by  the  strike,  dip  and  location,  this  quarry 
section  probably  lies  in  part  at  the  horizon  of  the  upper  beds  of 
the  Rogers  brook  section,  but  mostly  above  it.  On  this  basis,  and 
barring  the  possibility  of  an  intervening  fault,  a thickness  of  some- 
thing like  20  feet  should  be  added  to  the  thickness  above  deter- 
mined for  the  southern  part  of  the  village.  This  would  make  the 
total  thickness  of  dolomitic  limestone  under  the  village  approxi- 
mately 135  feet,  with  neither  top  nor  bottom  exposed. 

On  the  lake  shore  one-third  of  a mile  southwest  of  the  mouth 
of  Rogers  brook,  there  are  two  small  exposures  of  dolomitic  lime- 
stone in  beds  from  6 inches  to  1 foot  thick,  with  a total  thickness 
of  10  feet.  These  beds,  with  strike  N 6o°  E and  dip  W 70,  are 
about  on  a line  with,  and  look  much  like,  the  beds  at  the  steamer 
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landing.  On  the  weathered  surfaces  the  rock  is  very  rough  and 
deeply  pitted  due  to  dissolving  out  of  calcite  bunches. 

A very  careful  search  southwest,  west  and  north  of  the  village 
failed  to  bring  to  light  any  other  exposure  of  either  dolomitic 
limestone  or  Potsdam  sandstone  than  those  above  described,  the 
glacial  drift  masking  the  underlying  rocks  to  the  foot  of  the  hills 
(see  map).  Neither  does  the  drift  in  this  area  anywhere  carry 
angular  fragments  of  either  sandstone  or  dolomite  which  would 
strongly  suggest  the  existence  of  concealed  ledges.  In  fact,  even 
rounded  fragments  are  very  rare.  An  angular  fragment  of  typical 
Trenton  limestone  with  fossils  just  west  of  the  southern  end  of 
Thurman  pond  suggests  such  limestone  in  place,  either  now  or 
just  before  the  Ice  age,  not  farther  south  than  the  vicinity  of 
Schroon  Lake  village. 

Age  of  the  dolomite.  A diligent  search  through  the  dolomitic 
limestone  of  all  the  exposures  failed  to  reveal  any  remains  of 
organisms.  Kemp,  in  his  report  of  1895,  likewise  states  that  he 
was  unable  to  find  fossils.  This  absence  of  fossils,  combined  with 
the  isolation  of  the  limestone  at  Schroon  Lake,  renders  it  prac- 
tically impossible  to  correlate  very  definitely  or  determine  the  age 
of  this  limestone.  C.  E.  Hall,  in  the  paper  above  mentioned,  makes 
the  following  very  brief  statement:  “At  Schroon  Lake  village  the 
Chazy  limestone  occurs  with  fossils.  The  outcrops  are  not  exten- 
sive, being  covered  by  a sand  clay  deposit.”  With  Hall,  however, 
consideration  of  the  Schroon  Lake  outlier  was  an  incidental  matter 
and  more  than  likely,  on  the  basis  of  general  resemblance,  the 
Schroon  Lake  limestone  was  classed  with  the  fossiliferous  Chazy 
limestone  of  the  Champlain  valley,  the  fossils  having  been  assumed 
to  be  present. 

Kemp1  notes  the  close  resemblance  of  the  Schroon  Lake  lime- 
stone “ to  the  cherty  magnesian  limestones  that  are  undoubtedly 
Calciferous  (in  age)  and  nonfossiliferous  on  Lake  Champlain,” 
and  with  some  hesitation  he  correlates  them.  The  writer  believes 
Kemp  essentially  correct  in  this  view.  But  the  old  Calciferous 
formation,  many  hundreds  of  feet  thick  in  the  Champlain  valley, 
was  then  considered  to  be  wholly  Ordovician  in  age,  with  cherty 
beds  in  the  lower  portion. 

As  a result  of  more  recent  work,  important  changes  of  view 
regarding  the  old  Calciferous  formation  have  taken  place,  these 
changes  being  concisely  stated  by  Cushing2  as  follows : “ The  name 

HSth  Annual  Rep’t  N.  Y.  State  Geol.,  1895,  p.  597. 

2 N.  Y.  State  Mus.  Bui.  169,  p.  42.  1914. 
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‘ Calciferous  ’ was  originally  applied  to  the  considerable  thickness 
of  dolomitic  rocks  which  overlies  the  Potsdam  sandstone  in  the 
Champlain  and  Mohawk  valleys.  Later  on  Clarke  and  Schuchert 
replaced  this  by  the  name  Beekmantown,  and  to  the  rather  unfossili- 
ferous  phase  of  the  formation  in  the  Mohawk  valley  gave  the  local 
name  of  Little  Falls  dolomite.  . . . Recent  work  of  Ulrich,  Rue- 
demann  and  Cushing  showed  that  the  Little  Falls  dolomite  of  the 
Mohawk  valley  was  the  equivalent  ” of  the  lower  portion  of  the 
Champlain  Beekmantown,  and  that  it  was  really  separated  from 
the  overlying  Beekmantown  by  unconformity  and  graded  through 
transition  beds  (Theresa)  into  the  underlying  Potsdam  sandstone. 

The  Schroon  Lake  and  Little  Falls  dolomitic  limestones  are 
almost  exactly  alike  in  nearly  every  way,  both  being  very  largely 
dark-gray,  fine-grained,  crystalline,  usually  rather  thick  bedded, 
dolomitic,  sandy  limestones  with  considerable  chert  as  irregular 
masses  and  irregular  bunches  of  crystalline  calcite  at  certain  hori- 
zons, and  almost,  or  entirely,  devoid  of  fossils.  Cavities  containing 
very  clear  quartz  crystals,  so  characteristic  of  certain  horizons 
of  the  Little  Falls  dolomite  of  the  Mohawk  valley,  were  not  observed 
at  Schroon  Lake,  but  it  is  quite  possible  either  that  the  proper 
horizons  are  not  there  exposed  or  that  such  cavities  may  never 
have  formed  there.  It  is  also  of  interest  to  note  that  Potsdam 
sandstone,  the  rock  with  which  the  Little  Falls  dolomite  is  almost 
invariably  affiliated,  outcrops  to  the  southwest  of  the  Schroon 
Lake  dolomite. 

All  points  considered,  then,  it  is  very  probable  that  the  Schroon 
Lake  dolomitic  limestone  should  be  regarded  as  Little  Falls  (Upper 
Cambrian)  dolomite. 


Newly  Found  Outlier  in  the  Paradox  Lake  Quadrangle 

During  the  summer  of  1917  the  writer  discovered  an  outlier  of 
Paleozoic  rock  in  the  Schroon  river  valley  of  the  Paradox  Lake 
quadrangle  2*4  miles  due  north  of  Schroon  Falls,  or  7 miles  north 
of  Schroon  Lake  village.  It  lies  west  of  the  river  and  only  one- 
fourth  of  a mile  east  of  the  boundary  of  the  Schroon  Lake  quad- 
rangle. In  an  area  of  about  2 acres  there  are  exposures  of  dolo- 
mite in  fairly  thick  beds  resting  upon  sandstone,  a total  thickness 
of  not  over  25  feet  being  visible.  These  strata  lie  in  practically 
horizontal  position.  Whether  this  is  true  Tuttle  Falls  dolomite 
resting  upon  Potsdam  sandstone,  or  the  rocks  represent  transition 
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(Theresa)  beds  between  the  two,  the  writer  does  not  know.  In 
any  case,  it  is  quite  certain  that  the  rocks  of  this  outlier  are  to  be 
classed  with  the  Potsdam-Little  Falls  series  in  general. 

Significance  of  the  Outliers 

The  significance  of  the  outliers  of  Paleozoic  rocks  at  and  near 
Schroon  Lake  should  be  considered  in  the  light  of  all  the  outliers 
of  Paleozoic  strata  in  the  southeastern  portion  of  the  Adirondack 
region.  Altogether  they  afford  positive  evidence  that  early  Pale- 
ozoic sea  waters  spread  over  all  or  nearly  all  of  that  region.  All 
the  definitely  known  outliers  which  occur  well  within  the  area 
of  Precambrian  rocks  of  the  southeastern  Adirondacks  are  as 
follows : 

i A small  exposure  of  Potsdam  sandstone  near  the  southwestern 
corner  of  the  Elizabethtown  quadrangle. 

2,  3,  4 Three  small  areas  of  Potsdam  sandstone  along  the  eastern 
side  of  the  Paradox  Lake  quadrangle. 

5 Little  Falls  ( ?)  dolomite  at  Schroon  Lake  village. 

6 Potsdam  sandstone  ij4  miles  southwest  of  Schroon  Lake 
village. 

7 A small  area  of  sandstone  and  dolomite  belonging  to  the  Pots- 
dam-Little Falls  series  23/2  miles  due  north  of  Schroon  Falls  in  the 
Paradox  Lake  quadrangle. 

8 A small  mass  of  Potsdam  sandstone  13/2  miles  west  of  North 
River  village  in  the  Thirteenth  Lake  quadrangle. 

9 A small  body  of  sandstone  and  dolomite  belonging  to  the  Pots- 
dam-Little Falls  series  1 mile  west  of  High  Street  village  in  the 
northern  part  of  the  Luzerne  quadrangle. 

10  A large  outlier,  several  miles  long,  in  the  Sacandaga  river 
valley  at  Wells  in  the  Lake  Pleasant  quadrangle  where  are  well- 
exposed  Potsdam  sandstone,  Theresa  transition  beds,  Little  Falls 
dolomite,  Black  River  (Lowville)  limestone,  Glens  Falks  l:mesto"e 
and  Canajoharie  (Trenton)  shale. 

1 1 A considerable  outlier  showing  Theresa  beds,  Little  Falls 
dolomite,  and  Black  River  limestone  between  1 and  3 miles  north 
of  Hope  in  the  Sacandaga  valley  of  the  Lake  Pleasant  quadrangle. 

Of  these,  nos.  6,  7,  9 and  11  have  been  discovered  by  the  writer 
during  the  last  6 or  7 years.  Besides  the  above,  a number  of  out- 
liers occur  close  to  the  main  body  of  Paleozoic  strata. 

Wherever  detailed  geologic  maps  have  been  made  in  the  south- 
eastern Adirondacks,  the  region  is  shown  to  be  literally  cut  to 
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pieces  by  numerous  normal  faults,  the  most  prominent  of  which 
usually  strike  from  north-south  to  northeast-southwest,  with  known 
displacements  ranging  from  a few  hundred  to  2000  feet  or  more. 
It  is  important  to  note  that  the  outliers  above  listed,  except  pos- 
sibly nos.  2,  3 and  4,  lie  on  the  downthrow  sides  of  such  faults. 
Thus  a prominent  fault  bounds  the  Schroon  Lake  valley  on  the 
west.  It  appears,  therefore,  that  the  valleys  containing  these  out- 
liers have  been  largely  produced  by  faulting,  and  that  the  Paleozoic 
strata  formerly  lay  at  much  higher  levels,  that  is,  the  general  level 
of  the  surface  of  Precambrian  rocks  of  the  region. 

Were  the  early  Paleozoic  sediments  deposited  in  embayments  or 
estuaries  of  the  sea  extending  well  into  the  area  of  Precambrian 
rocks,  or  were  they  deposited  as  a general  mantle  over  the  Pre- 
cambrian rocks  of  the  whole  southeastern  Adirondack  region?  As 
a result  of  detailed  studies  it  has  been  established  that  the  southern 
half  or  two-thirds  of  the  Adirondack  area  was,  by  the  beginning 
of  Potsdam  time  of  the  late  Cambrian  period,  worn  down  to  the 
condition  of  a peneplain  upon  whose  surface  only  a few  minor 
knobs  or  prominences  existed.  This  being  the  case,  notable  embay- 
ments or  estuaries  could  scarcely  have  existed.  Still  further  evi- 
dence against  the  embayment  idea  copies  out  of  the  character  of 
the  sediments.  Thus  the  rocks  of  the  outliers,  including  those  of 
Schroon  Lake  and  Wells,  are  distinctly  marine  formations  of  exactly 
the  same  character  as  those  of  the  same  age  in  the  general  Pale- 
ozoic rock  area  of  the  Champlain  and  Mohawk  valleys.  Estuarine 
deposits  would  show  certain  distinct  local  variations  and  hence  the 
very  uniformity  of  the  marine  sediments  in  the  outliers  precludes 
the  possibility  of  their  deposition  in  estuaries.  Thus  we  conclude 
that  when  the  early  Paleozoic,  or  more  precisely  late  Cambrian, 
sea  encroached  upon  the  southeastern  Adirondack  area  a general 
mantle  of  sediments  was  deposited  over  the  whole  region  includ- 
ing much  at  least  of  the  area  of  the  Schroon  Lake  quadrangle,  and 
that,  subsequent  to  the  emergence  of  the  region,  normal  faulting 
took  place  whereby  portions  of  the  Paleozoic  strata  were,  in  many 
places,  carried  so  far  down  that  remnants  have  <to  this  day  been 
protected  against  complete  removal  by  erosion.  Thus  we  explain 
the  existence  of  the  outliers  of  early  Paleozoic  marine  strata  in 
the  Schroon  valley. 

Early  and  Middle  Cambrian  strata  are  unknown  in  northern  New 
York,  and  there  is  no  evidence  that  early  and  middle  Cambrian 
seas  ever  spread  over  any  portion  of  that  area.  But  with  the  late 
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Cambrian  the  case  is  different.  The  first  deposit  to  form  in  the 
late  Cambrian  sea  was  the  Potsdam  sandstone  which  is  well  repre- 
sented in  the  St  Lawrence,  Champlain  and  Mohawk  valleys,  these 
regions  all  having  been  submerged  under  the  Potsdam  sea.  In  the 
southeastern  Adirondacks  the  Potsdam  sea  certainly  extended  in 
as  far  as  Wells  (southern  Hamilton  county),  North  River  (north- 
western Warren  county),  and  Schroon  Lake  (southern  Essex 
county),  because  small  outlying  masses  of  Potsdam  sandstone  occur 
in  those  localities,  having  been  formerly  connected  with  the  larger 
areas  around  the  Adirondacks  as  above  explained.  The  Potsdam 
sea  surrounded  and  more  or  less  lapped  over  on  the  borders  of  the 
Adirondack  region,  particularly  the  southeastern  portion.  There 
is  no  evidence  that  the  interior  of  the  Adirondack  region  was  sub- 
merged, but  rather  it  almost  certainly  formed  a large  island  in  the 
Potsdam  sea. 

Marine  conditions  continued  with  the  deposition  of  alternating 
layers  of  sandstone  and  dolomite  upon  the  Potsdam.  This  is  called 
the  Theresa  formation.  After  still  greater  submergence,  the  impor- 
tant formation  known  as  the  Little  Falls  dolomite  was  deposited 
layer  upon  layer  to  a thickness  of  usually  several  hundred  feet  in 
the  comparatively  clear  wafers  of  the  latest  Cambrian  sea.  The 
Little  Falls  sea  swept  all  around  the  Adirondacks.  Occurrences 
of  the  formation  in  the  outliers  at  Wells  (Hamilton  county)  and 
at  Schroon  Lake  prove  that  the  Little  Falls  sea  extended  well  over 
the  eastern  Adirondack  area,  including  much  at  least  of  the  Schroon 
Lake  quadrangle.  Map  figure  6 graphically  shows  the  approximate 
relations  of  land  and  water  during  late  Cambrian  time. 

The  Cambrian  period  closed  wiih  all  of  northern  New  York 
above  sea  level,  but  early  in  the  Ordovician  period  a submergence 
set  in,  reaching  a maximum  about  the  middle  of  the  period.  Even 
at  the  time  of  maximum  submergence  in  the  Middle  Ordovician, 
the  best  evidence  points  to  the  existence  of  a considerable  island 
comprising  the  interior  of  the  Adirondack  region  (see  map  figure 
6).1  Mid-Ordovician  strata  at  Wells  indicates  the  presence  of  the 
sea  of  that  age  over  southern  Hamilton  county.  Though  mid- 
Ordovician  strata  are  not  exposed  at  or  near  Schroon  Lake,  such 
rocks  may  be  there  concealed,  or  they  may  formerly  have  been 
present.  In  any  case,  their  strong  development  in  the  Champlain 
valley  only  15  or  20  miles  to  the  east  renders  it  highly  probable 

^he  early  Paleozoic  physiography  of  the  southern  Adirondacks  is  dis- 
cussed by  the  writer  in  a paper  in  N.  Y.  State  Mus.  Bui.  164,  p.  80-94. 
1913. 
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that  the  mid-Ordovician  sea  spread  far  enough  westward  to  cover 
at  least  the  eastern  part  of  the  Schroon  Lake  quadrangle. 

We  have  no  positive  evidence  that  any  part  of  the  Schroon  Lake 
quadrangle  has  ever  been  submerged  under  sea  water  since  mid- 
Ordovician  time. 


whole  shaded  portion  represents  land  during  the  late  Cambrian  time,'  and 
the  cross-lined  portion  represents  land  during  the  middle  of  the  Ordovician. 


STRUCTURAL  GEOLOGY 
Structure  of  the  Grenville  Series 

Tilting  and  folding.  Evidence  has  recently  been  presented  by 
the  writer1  to  show  that  the  Grenville  strata  of  the  Adirondacks 
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have  never  been  highly  folded  or  severely  compressed.  Many 
broad  belts  of  the  strata  are  known  to  be  practically  horizontal  or 
only  very  moderately  folded,  while  many  masses  are  merely  tilted 
or  domed  at  various  angles.  Very  locally  the  strata  exhibit  con- 
tortions. The  many  scattering  bodies  of  Grenville  strata  through- 
out the  Adirondacks  do  not  show'  any  very  persistent  strike  as 
would  be  the  case  had  they  been  subjected  to  notable  orogenic 
pressure. 

The  structural  relations  of  the  Adirondack  Grenville  strata  are 
reasonably  explained  as  having  been  the  result  of  the  slow,  irregular 
upwelling  of  the  great  bodies  of  more  or  less  plastic  magmas, 
probably  under  very  moderate  compression,  whereby  the  strata, 
previously  deformed  little  or  none  at  all,  were  either  broken  up, 
tilted,  lifted  or  domed,  or  engulfed  in  the  magmas.  According  to 
this  view,  many  large  blocks  or  belts  of  Grenville  strata,  or  several 
such  rather  locally  separated  by  intrusive  masses,  with  strike  of 
intrusive  masses  parallel  to  the  strike  of  the  Grenville,  show  mono- 
clinical  dips;  many  masses  of  Grenville  were  shifted  around  in  the 
irregularly  rising  magmas  to  show  various  strikes  and  dips  accord- 
ing to  the  direction  of  magmatic  currents;  some  bodies  of  Grenville 
were  merely  domed  over  bodies  of  laccolithically  rising  magma  and 
hence  exhibit  more  or  less  quaquaversal  strikes  and  dips ; some 
masses  of  strata  were  considerably  bent  or  even  folded  into  syn- 
clines by  being  caught  between  bodies  of  magma  upwelling  at  about 
the  same  rate;  some  masses,  especially  the  more  plastic  limestones, 
were  locally  contorted  near  the  igneous  contacts ; and  many  masses 
of  strata  were  caught  up  or  enveloped  by  the  rising  magmas. 

The  Grenville  series  within  the  Schroon  Lake  quadrangle  is  not 
extensively  developed,  and  the  exposures  are  mostly  too  scattering 
to  throw  much  light  upon  its  structure,  but  most  of  the  types  of 
occurrence  above  mentioned  seem  to  be  present,  except  probably 
the  laccolithic.  Strikes  and  dips  are  platted  on  the  accompanying 
geologic  map,  though  where  several  similar  observations  were  made 
within  one-fourth  of  a mile  of  each  other  but  one  is  usually 
recorded. 

In  the  Minerva  area  the  Grenville  strata  seem  to  show  a synclinal 
structure  with  a west-northwest  strike  of  the  axis  through  the  vil- 
lage, but  the  outcrops  are  too  scant  to  make  this  certain.  If  syn- 
clinal, it  is  not  a very  sharp  fold  because  the  dips  generally  vary 
from  30  to  50  degrees.  A structure  of  this  sort  may  be  readily 
explained  as  due  to  greater  upwelling  of  the  granite  magma  on 
both  the  north  and  south  sides  of  the  mass  of  Grenville  causing 
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the  strata  to  be  notably  bent  upward  along  those  sides.  It  should 
be  noted,  in  accordance  with  this  view,  that  the  strikes  of  the  Gren- 
ville strata  and  the  adjacent  igneous  rocks  are  essentially  parallel. 

In  the  northern  portion  of  the  Olmstedville  area  five  good  obser- 
vations show  the  Grenville  to  have  persistent  dips  of  from  20  to 
70  degrees  northward,  which  is  precisely  the  opposite  of  the  Gren- 
ville of  the  northern  portion  of  the  nearby  Minerva  area,  this 
latter  being  on  the  same  strike.  Such  a sharp  change  would 
scarcely  be  expected  as  a result  of  ordinary  orogenic  folding,  and 
it  is  more  likely  the  result  of  the  magmatic  intrusion.  The  granite 
magma  north  of  Olmstedville  apparently  broke  through  and  flowed 


Fig.  7 An  early  ncrth-scuth  section  through  Olmstedville  illustrating  Fe 
geologic  structure  and  the  probable  mode  of  origin  of  the  valley  in  the 
vicinity  of  the  village  and  the  escarpment  on  the  north.  Several  stages 
of  erosion  are  shown  from  the  late  Mesozoic  or  early  Cenozoic  penepia  n 
level  (dotted  upper  line)  to  the  present  surface  (heavy  lower  line).  Length 
of  section,  4 miles.  Vertical  scale,  2*4  times  the  horizontal. 

intrusively  upon  the  Grenville  strata,  thus  accounting  for  the  north- 
ward dip  of  both  granite  and  Grenville  with  the  latter  dipping 
under  the  former.  Because  of  the  much  greater  resistance  of  the 
granite  to  weathering  and  erosion,  it  stands  out  as  a local  scarp 
(see  map),  while  the  much  weaker  Grenville  has  been  notably  worn 
down  to  form  the  valley  around  Olmstedville.  Figure  7 illustrates 
the  principles  here  involved. 

The  very  irregular  dips  and  strikes  in  the  small  area  of  Gren- 
ville just  east  of  North  pond  are  no  doubt  due  to  deformation  of 
this  block  of  strata  by  one  or  more  of  the  various  intrusive  masses 
which  rose  adjacent  to,  or  possibly  engulfed  it.  A similar  con- 
dition is  true  of  the  Grenville  south  of  Adirondack  village. 

The  other  mapped  areas  of  Grenville  are  relatively  small,  and 
they  are  merely  inclusions  in  the  syenite-granite  series.  They 
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are  usually  lenslike  or  elliptical  in  ground  plan  and  essentially 
parallel  to  the  foliation  of  the  inclosing  rocks. 

Figure  8 shows  an  interesting  case  of  a sharply  bent  small  mass 
of  Grenville  gneiss  in  granite  on  Ledge  hill. 

Foliation  of  the  Intrusive  Rocks 

The  anorthosite  and  syenite-granite  series.  The  great  instru- 
sives  of  the  quadrangle,  including  both  the  anorthosite  and  the 
syenite-granite  series,  exhibit  more  or  less  foliation,  though  large 


Fig.  8 Sketch  showing  ground  plan  of  part  of  an  exposure  near  the  east- 
ern border  of  the  gabbro  stock  on  Ledge  hill.  The  gneissoid  granite,  with  its 
sharply  curving  foliation,  wraps  about  a portion  of  a sharply  bent  small 
inclusion  of  hornblende  gneiss. 

portions  of  the  Marcy  anorthosite  commonly  show  practically  none. 
In  the  syenite-granite  series  at  least  a faint  foliation  seldom  fails 
to  appear,  and  it  varies  from  this  to  very  highly  foliated.  The 
degree  of  foliation  often  varies  notably  within  very  short  dis- 
tances. Both  strike  and  dip  of  the  foliation  also  often  vary  notably, 
though  the  general  trend  or  strike  is  from  east-west  to  northwest- 
southeast.  Regarding  the  foliation  in  the  adjoining  Paradox  Lake 
quadrangle,  Doctor  Ogilvie  says:  “ The  general  direction  of  strike 
is  similar.  A direction  of  N 40°  E is  the  prevailing  one,  with  low 
southeast  dips.”  According  to  this,  the  general  strike  of  foliation 
of  the  Schroon  Lake  quadrangle  is  almost  at  right  angles  to  that 
of  the  Paradox  Lake  quadrangle.  In  many  ledges  the  general  strike 
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can  be  made  out  but  not  the  dip,  this  being  particularly  true  of 
the  locally  gneissoid  portions  of  the  Marcy  anorthosite.  The 
gneissoid  structure  is  usually  accentuated  by  the  roughly  parallel 
arrangement  of  dark  minerals,  though  locally  the  granite,  compara- 
tively free  from  dark  minerals,  is  strikingly  gneissoid  due  to 
excessive  flattening  of  feldspar  and  quartz. 

Granulation  of  minerals,  especially  feldspar,  is  common  in  many 
localities  and  often  highly  developed,  the  more  highly  foliated 
rocks  generally  being  most  granulated. 

On  the  accompanying  geologic  map  there  are  recorded  represen- 
tative strikes  and  dips  of  foliation  selected  from  many  field 
observations. 

The  writer  considers  the  foliated  igneous  rocks  to  be  so-called 
“ primary  gneisses  ” whose  gneissoid  structure  was  developed  as 
a sort  of  magmatic  flow-structure  under  moderate  compression 
rather  than  by  severe  lateral  (orogenic)  pressure  brought  to  bear 
upon  the  region  after  the  cooling  of  the  magmas.  Briefly  stated, 
the  writer’s  explanation  follows.1  During  the  processes  of  intru- 
sion, which  were  long  continued,  the  great  magmatic  masses  were 
under  only  enough  lateral  pressure  to  control  the  general  strike  of 
the  uprising  magmas  with  consequent  tendency  toward  parallel 
arrangement  of  instrusives  and  invaded.  Grenville  strata;  the  folia- 
tion is  essentially  a flow-structure  produced  by  magmatic  currents 
under  moderate  pressure  during  the  intrusions;  the  sharp  variations 
of  strike  on  large  and  small  scales,  and  rapid  variations  in  degree 
of  foliation,  are  essentially  the  result  of  varying  magmatic  currents 
under  differential  pressure,  principally  during  a late  stage  of  magma 
consolidation ; the  almost  universal  but  varied  granulation  of  these 
rocks  was  produced  mostly  by  movements  in  the  partially  solidified 
magma,  and  possibly  to  some  extent  by  moderate  pressure  after 
complete  solidification ; and  the  mineral  flattening  or  elongation 
was  caused  by  crystallization  under  differential  pressure  in  the 
cooling  magma. 

It  would  seem,  therefore,  that  the  general  absence  of  foliation 
from  so  much  of  the  Marcy  anorthosite  is  best  explained  as  the 
result  of  the  much  more  uniform  (laccolithic)  intrusion  of  this 
single  great  body  which  is  much  less  involved  with  Grenville  masses, 
or,  in  other  words,  to  much  less  forced  differential  flowage. 

Figure  8 shows  a case  of  sharp  variations  in  strike  within  a few 
feet  in  the  granite  of  Ledge  hill. 


1 The  writer  has  presented  a rather  full  discussion  of  this  subject  in 
Jour.  Geol.,  24:600-16.  1916. 
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It  is  quite  possible  that  much  or  all  of  the  pressure  within  the 
intruding  magmas  was  simply  “ shouldering  pressure  exerted  (by 
the  magmas)  on  the  adjacent  rocks  under  bathylithic,  or  deep- 
seated,  conditions  ” as  suggested  by  Cushing. 

The  gabbro  and  diabase.  As  already  stated,  the  interior  por- 
t:ons  of  most  of  the  gabbro  stocks  are  nonfoliated  and  they  pos- 
sess a diabasic  texture,  while  the  outer  portions  are  usually  highly 
foliated  rocks,  often  true  amphibolites.  More  or  less  granulation 
is  common  as  seen  in  the  thin  sections.  In  many  places  the  degree 
of  foliation  varies  considerably  within  single  stocks,  a very  fine 
example  already  having  been  described  as  occurring  on  the  little 
hill  just  south  of  North  pond  (see  page  58).  The  foliation  shows 
a strong  tendency  to  box  the  compass  around  the  borders  of  the 
stocks,  and,  therefore,  often  strikes  across  the  structures  of  the 
older  adjacent  rocks.  If  due  essentially  to  regional  compression 
after  the  solidification  of  the  gabbro,  should  not  the  foliation  every- 
where strike  at  least  approximately  at  right  angles  to  the  direction 
of  application  of  the  pressure?  Also,  how  are  the  notable  varia- 
tions in  foliation  and  granulation  to  be  explained  on  the  basis  of 
regional  pressure  ? 

It  is  believed  that  the  foliation  and  granulation  of  the  gabbro 
stooks  are  largely,  if  not  wholly,  primary  features  due  to  move- 
ments in  the  magma  before  final  consolidation.  Considerable  pres- 
sures must  have  obtained  within  the  stock  chambers  while  the 
magmas  were  being  intruded  under  deep-seated  conditions.  Such 
pressure  against  the  country  rock,  combined  with  the  development 
of  differential  flowage  particularly  in  the  magmatic  borders,  would 
readily  account  for  the  peripheral  foliated  zones  which  were,  no 
doubt,  produced  during  a late  stage  of  magma  consolidation.  But 
the  conditions  of  magmatic  pressure  and  flowage  must  have  varied 
considerably,  and  thus  the  local  variations  in  degree  of  foliation 
and  granulation  are  accounted  for. 

Certain  of  the  diabase  dikes  which  cut  the  Marcy  anorthosite 
in  the  vicinity  of  Blue  Ridge  village  are  also  more  or  less  foliated, 
their  borders  particularly  so.  As  in  the  gabbro  stocks,  so  here,  the 
foliation  is  considered  to  have  been  due  to  differential  magmatic 
flowage  under  moderate  pressure  during  a late  stage  of  magma 
consolidation.  In  these  dikes,  however,  the  foliation  was  developed 
parallel  to  the  strike  of  the  dikes  because  cross-sections  of  these 
magma  chambers  were  long  and  narrow  rather  than  rounded  or 
elliptical  as  in  the  gabbro  stocks, 
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Faults  and  Zones  of  Excessive  Jointing 

General  features.  The  Schroon  Lake  quadrangle  lies  in  the 
midst  of  the  faulted  eastern  Adirondack  region.  Fifteen  earth 
fractures  are  represented  on  the  accompanying  geologic  map. 
More  than  likely  there  are  others,  but  only  those  which  show  at 
least  fairly  satisfactory  evidence  for  their  existence  are  mapped. 
In  most  cases  these  earth  fractures  are  rather  well-defined  faults, 
while  in  others  they  appear  to  be  zones  or  belts  of  excessive  joint- 
ing in  which  more  or  less  crushing  and  minor  faulting  have  taken 
place.  These  faults  or  broken-rock  zones  are  relatively  straight 
for  considerable  distances,  ranging  from  a mile  or  two  to  io  or  12 
miles  within  the  quadrangle.  Where  observations  were  made,  the 
fault  crush-zones  are  commonly  from  25  to  100  feet  wide.  In 
accordance  with  most  of  the  more  conspicuous  faults  of  the  eastern 
Adirondacks,  those  of  the  Schroon  Lake  quadrangle  mostly  strike 
north-northeast.  The  topographic  influence  of  the  fault  zones  is 
usually  very  striking  as  a glance  at  the  geologic  map  will  reveal. 
It  is  very  important  to  note  that  the  fault  zones  of  weakness, 
mostly  clearly  marked  by  long,  narrow  valleys,  nearly  all  trend 
almost  or  quite  at  right  angles  to  the  strike  of  the  foliation  of  all 
the  rocks  and  to  the  general  trend  of  the  belts  of  relatively  weak 
Grenville  which  are  essentially  parallel  to  the  foliation  (see  map). 

The  faults  are  all  of  the  normal  type  with  fault  surfaces  vertical 
or  very  steep.  Within  the  area  of  Precambrian  rocks  of  the  eastern 
Adirondacks  it  is  often  difficult  to  demonstrate  the  existence  of 
faults  and,  when  a given  fault  has  been  proved  to  exist,  it  is  usually 
difficult  or  impossible  to  trace  it  across  country  with  any  great 
degree  of  accuracy  because  of  scarcity  of  exposures  due  to  accu- 
mulation of  glacial  and  postglacial  deposits  in  the  fault  valleys. 
Because  of  the  character  and  structure  of  the  rock  masses  (mostly 
igneous)  and  the  lack  of  any  very  clearly  defined  stratigraphic 
relations,  it  is  practically  impossible  to  determine  the  actual  amounts 
of  displacements,  though  in  some  instances  minimum  figures  can 
be  given.  Within  the  quadrangle  such  minimum  figures  are  not 
definitely  known  to  be  more  than  some  hundreds  of  feet,  but  actual 
displacements  may  have  been  many  times  as  great. 

Among  the  more  positive  criteria  for  the  recognition  of  the  faults 
and  zones  of  excessive  jointing  in  the  quadrangle  are  the  following: 
( 1 ) long,  narrow,  almost  straight  valleys  which  trend  at  high 
angles  across  the  strike  of  the  older  rock  structures  such  as  the 
foliation  and  the  belts  of  Grenville  strata;  (2)  steep  to  vertical 
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scarps,  often  miles  long,  in  hard,  homogeneous  rock;  (3)  actual 
presence  of  crushed,  sheared,  slickensided  or  brecciated  rock  zones ; 
and  (4)  Paleozoic  strata  lying  at  the  base  of  steep  hills  of  Pre- 
cambrian  rocks. 

Age  of  the  faulting.  That  some  Adirondack  faulting  took  place 
in  Precambrian  time  has  been  pretty  well  established,  but,  so  far 
as  definitely  known,  such  fractures  are  of  minor  importance. 
There  is  no  positive  evidence  for  such  faulting  in  the  Schroon 
Lake  quadrangle.  It  seems  quite  likely  as  Cushing  has  suggested,1 
that  considerable  faulting  took  place  during,  or  toward  the  close 
of,  the  Paleozoic  era. 

Any  fault  scarps,  ridges  or  valleys  which  may  have  been  pro- 
duced by  the  close  of  the  Paleozoic  must  have  been  nearly  or 
quite  obliterated  by  the  long  subsequent  time  of  erosion.  If  so, 
how  do  we  account  for  the  present  Adirondack  ridges  and  valleys 
which  follow  the  fault  lines  or  zones?  Accompanying  the  uplift 
of  the  late  Mesozoic  or  early  Cenozoic  peneplain  of  the  Atlantic 
coast  region,  or  following  it,  there  was  either  new  faulting,  or 
renewed  movement  along  old  faults,  or  old  fault  zones,  including 
zones  of  excessive  jointing  with  little  displacement,  were  not 
affected  by  new  movements.  How  much  is  new  faulting,  and  how 
much  renewed  faulting  along  old  lines  or  zones  of  fracture  is  not 
known,  but  it  is  quite  certain  that  considerable  faulting  in  the 
eastern  Adirondacks  must  date  from  the  uplift  of  the  peneplain 
just  mentioned  as  shown  by  fault  scarps  in  homogeneous  rocks  and 
by  the  existence  of  tilted  fault  blocks  which  have  been  little  modi- 
fied by  erosion.  Some  relatively  long,  deep,  narrow,  valleys  of  the 
Schroon  Lake  quadrangle,  like  that  which  follows  the  Minerva 
stream  fault  or  the  Hoffman  notch  fault  (see  below),  are  due 
essentially  to  erosion  along  the  fault  or  broken-rock  zones  of  weak- 
ness irrespective  of  when  they  originated,  while  others  which  are 
broader,  like  the  Schroon  Lake  valley  and  the  lowland  between 
Green  hill  and  Oliver  hill,  are  due  either  to  comparatively  recent 
sinking  of  fault  blocks,  or  removal  of  weaker  rocks  by  erosion 
whereby  old  fault  scarps  are  renewed,  or  both.  Distinctly  tilted 
fault  blocks,  like  some  in  the. North  Creek  quadrangle  just  to  the 
south,  are  not  certainly  present  in  the  Schroon  Lake  quadrangle. 

Schroon  valley  fault.  As  represented  on  the  geologic  map, 
this  is  one  of  the  two  longest  and  most  conspicuous  faults  of  the 
quadrangle.  Its  scarp  marks  the  western  boundary  of  the  Schroon 

1 N.  Y.  State  Mus.  Bui.  95,  p.  405. 


Plate  9 


W.  J.  Miller,  photo,  1917 


The  zone  of  excessive  jointing  accompanied  by  some  faulting  in  the  road 
metal  quarry  by  the  main  road  one-half  mile  east-northeast  of  South 
Schroon 
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valley  for  12  miles  across  the  quadrangle  and  beyond  (northward) 
for  fully  8 miles  more.  As  regards  both  length  and  topographic 
influence,  this  fracture  takes  rank  as  one  of  the  most  prominent 
faults  in  the  eastern  Adirondacks.  It  probably  does  not  extend 
south  of  the  quadrangle  limit.  The  topographic  evidence  for  the 
fault  is  very  strong  (plate  3).  The  Potsdam  sandstone  east  of 
Grove  Point  and  the  sandstone  and  dolomite  in  the  valley  7 miles 
north  of  Schroon  Lake  village  also  both  lie  against  the  base  of  the 
scarp  and  hence  furnish  strong  evidence  for  faulting  with  down- 
throw side  on  the  east.  Several  ledges  in  the  bed  of  Horseshoe 
pond  brook  are  badly  broken  parallel  to  the  course  of  the  stream 
and  these  furnish  still  more  positive  evidence  for  the  existence  of 
the  fault.  Nowhere  else  along  the  immediate  base  of  the  scarp 
were  outcrops  of  any  kind  observed,  so  that  further  evidence  such 
as  slickensides  and  crushed  or  brecciated  zones,  is  lacking.  From 
Thurman  pond  southward  the  trace  of  this  fault  is  much  less  cer- 
tain. Some  idea  of  the  minimum  displacement  along  this  fault 
may  be  gained  not  only  from  the  height  of  the  scarp  but  also  from 
the  positions  of  the  outliers  of  Paleozoic  strata.  Thus  the  sand- 
stone and  dolomite  7 miles  north  of  Schroon  Lake  village  lie  at  an 
altitude  of  900  feet,  while  the  summit  of  the  mountain  just  west  is 
nearly  2300  feet,  thus  indicating  a minimum  downthrow  of  about 
1300  feet  on  the  east  side  of  the  fault.  The  position  of  the  Pots- 
dam sandstone  west  of  Grove  Point  indicates  a minimum  displace- 
ment of  at  least  400  feet,  and  probably  600  feet. 

Schroon  lake  faults.  The  topographic  evidence  for  a fault,  or 
at  least  a zone  of  excessive  jointing,  along  the  western  side  of 
Schroon  lake  is  strong,  as  shown  on  the  map.  A very  conspicuous 
zone  of  excessive  jointing  accompanied  by  moderate  faulting  (see 
plate  9)  occurs  in  the  road  metal  quarry  one-half  of  a mile  east- 
northeast  of  South  Schroon.  The  strike  of  this  jointed  zone  is 
parallel  to  the  strike  of  the  fracture  as  mapped  but  at  a high  angle 
to  the  strike  of  the  foliation  of  the  rocks.  Probably  the  jointing 
exhibited  in  the  quarry  lies  a little  to  the  west  of  a real  fault, 
because  the  topography  strongly  points  to  a downthrow  of  fully 
200  feet  on  the  east  side. 

From  Adirondack  village  southward  close  to  the  lake  shore  there 
is  a fault  which  is  but  the  northern  extension  of  a rather  prominent 
fault  several  miles  long  which  has  been  mapped  and  described  in 
the  writer’s  report  on  the  North  Creek  quadrangle. 

Along  the  eastern  lake  shore  at  the  base  of  Ouackenbush  hill, 
and  extending  several  miles  into  the  Paradox  Lake  quadrangle,  a 
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long,  nearly  straight  line,  with  hills  rising  steeply  hundreds  of  feet 
above  it  and  at  right  angles  to  the  old  rock  structures,  makes  the 
existence  of  a line  or  zone  of  fracturing  there  almost  certain.  This 
being  the  case,  the  outliers  of  Paleozoic  strata  in  and  near  Schroon 
Lake  village  really  lie  in  a “ graben  ” or  fault  trough. 

Fuller  brook  fault.  This  zone  of  fracture  separates  Pine  hill 
and  Ledge  hill  rather  sharply  and  continues  northward  at  least  to 
Horseshoe  pond.  The  topographic  evidence  is  quite  clear  and,  in 
the  bed  of  the  little  brook  about  a mile  south  of  Marsh  pond,  the 
rock  is  considerably  broken  as  a result  of  earth  movements.  The 
topography  suggests  a moderate  downthrow  on  the  east,  but  instead 
of  being  a true  fault  this  may  be  simply  a zone  of  excessive  joint- 
ing with  little  displacement. 

Alder  brook  and  Trout  brook  faults.  That  Alder  brook  and 
Trout  brook  follow  fault  zones  for  several  miles  as  shown  on  the 
map  is  quite  certain.  Not  only  are  these  valleys  narrow  and 
remarkably  straight,  but  they  have  been  cut  into  granite  at  right 
angles  to  its  structure.  Such  could  scarcely  be  the  case  unless  the 
positions  of  the  valleys  were  determined  by  zones  of  weakness  due 
to  faulting.  Further,  the  earth  block  between  these  two  streams  is 
very  distinctly  depressed  below  the  country  immediately  on  either 
side.  The  evidence,  then,  renders  quite  certain  the  existence  of  a 
fault  block  from  i}4  to  nearly  3 miles  wide  and  several  miles  long 
which  has  sunk  between  two  faults,  one  along  Alder  brook  and  the 
other  along  Trout  brook.  The  topographic  influence  of  this  sunken 
fault  block  is  particularly  striking  in  its  southern  half  where  the 
Pine-Green  hill  mass  on  the  east  and  the  Oliver-Snyder  hill  mass 
on  the  west  each  rise  hundreds  of  feet  very  abruptly.  Direct  evi- 
dence for  the  faulting  from  ledges  along  the  fracture  lines  or  zones 
is  wholly  wanting,  not  a single  outcrop  occurring  on  either  of  the 
brooks.  The  Alder  brook  fault  continues  for  several  miles  south 
into  the  North  Creek  quadrangle  (see  North  Creek  geologic  map). 

Minerva  stream  fault.  As  regards  both  length  and  topographic 
influence,  this  fault  takes  rank  as  one  of  the  most  prominent  known 
lines  of  fracture  in  the  eastern  Adirondacks.  On  the  accompany- 
ing map  it  shows  a length  of  i2l/2  miles.  It  continues  southward 
for  6l/2  miles  across  the  northwestern  part  of  the  North  Creek 
quadrangle  and  thence  for  at  least  3 miles  into  the  Thirteenth 
Lake  quadrangle.  Its  total  length  is,  therefore,  at  least  22  miles. 
Its  topographic  influence  is  very  striking  since  a deep,  usually 
narrow,  nearly  straight  valley  has  been  cut  out  along  this  zone  of 
weakness  along  its  whole  course  of  over  12  miles  in  the  Schroon 
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Lake  quadrangle  (plate  io).  Southward,  also,  the  topographic 
influence  is  pronounced.  It  seems  quite  clear  that  the  downthrow 
side  is  on  the  east,  this  being  most  evident  in  the  North  Creek 
quadrangle  where,  just  east  of  the  Gore  mountain  mass,  the  dis- 
placement is  at  least  1500  feet.  Within  the  Schroon  Lake  quad- 
rangle the  topography  does  not  indicate  so  much  displacement, 
though  it  is  mostly  at  least  some  hundreds  of  feet  except  at  the 
north  where  it  is  much  less.  In  the  Minerva  stream  valley  no  out- 
crops occur  along  the  fault,  but  in  the  bed  of  the  brook  just  west  of 
Washburn  ridge  there  are  several  exposures  of  rock  badly  broken 
by  the  faulting  in  zones  parallel  to  the  course  of  the  stream.  It  is 
very  important  to  note  that  the  strike  of  this  fault  is  almost  exactly 
at  right  angles  to  the  strike  of  the  foliation  of  all  the  rocks,  and 
also  at  right  angles  to  the  strike  of  the  prominent  belt  of  Grenville 
strata  around  Minerva  and  Olmstedville.  It  is  difficult  to  con- 
ceive how  such  a long,  narrow  valley  could  have  developed  for  12 
miles  across  these  structures  except  along  a fault  zone  of  weakness 
in  the  rocks.  The  lowlands  in  the  vicinity  of  Minerva  and  Olmsted- 
ville, and  also  in  the  vicinity  of  North  Creek,  are  due  to  more  rapid 
erosion  of  the  comparatively  weak  Grenville  strata  in  those 
localities. 

Hoffman  notch  fault.  Evidence  for  either  a fault  or  zone  of 
crushed  or  excessively  jointed  rock  in  the  Hoffman  notch  valley  is 
twofold.  In  the  first  place,  the  long,  straight,  deep,  narrow  valley, 
with  north-northeast  strike  parallel  to  most  of  the  prominent  faults 
of  the  eastern  Adirondacks  and  at  right  angles  to  the  rock  struc- 
tures of  the  immediate  region,  almost  certainly  must  have  been 
carved  out  along  a fault  zone  of  weakness.  This  valley  is  5J/2 
miles  long  with  a maximum  depth  of  1200  to  1500  feet.  In  the 
second  place,  actual  crushed  to  even  brecciated  rock  zones  in  the 
bottom  of  the  valley  and  parallel  to  it  were  observed  at  a number 
of  places,  the  principal  ones  being  as  follows : several  ledges  in  the 
brook  between  one-half  and  1 )/2  miles  north  of  the  pond  in  Hoff- 
man notch  and  several  ledges  in  the  brook  between  iy2  and  2 miles 
south  of  the  same  pond.  The  brook  northeast  of  Hoffman  notch 
pond  follows  a short  branch  fault  for  about  one-half  of  a mile 
with  much  evidence  of  crushed  rock.  That  the  Hoffman  notch 
fault  continues  northward  across  the  east-west  Blue  Ridge- 
Boreas  river  road  is  proved  by  the  existence  of  a ledge  in  the 
Branch  brook  just  north  of  the  road  where  closely  spaced  jointing 
with  strike  N 20°  E is  well  shown. 
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Faults  between  Hayes  mountain  and  Hewitt  pond.  West  of 
Hayes  mountain,  Minerva  stream  flows  through  a narrow  north- 
south  valley  which  for  2^4  miles  has  been  carved  out  along  a dis- 
tinct fault  zone  of  weakness.  In  the  bed  of  the  stream  three-fourths 
of  a mile  north  of  the  place  marked  “ Camp  ” on  the  map,  the 
granite  is  considerably  broken  due  to  the  faulting.  Along  the 
stream  one-third  and  three-fourths  of  a mile,  respectively,  south  of 
“ Camp,”  there  are  ledges  distinctly  broken  or  excessively  jointed 
parallel  to  the  stream  channel.  In  one  case  a crushed-rock  zone 
io  to  15  feet  wide  is  finely  exhibited.  The  topography  suggests 
moderate  downthrow  on  the  west. 

A ledge  in  the  bed  of  the  stream  one-half  of  a mile  southeast  of 
the  mouth  of  Hewitt  pond  shows  a distinct  crush-zone  with  almost 
north-south  strike,  but  with  little  or  no  topographic  influence. 

Hewitt  pond  brook  also  follows  a fault  zone  of  weakness  with 
nearly  east-west  strike,  this  being  the  only  definite  fault  in  the 
quadrangle  with  such  a strike.  A few  rods  above  the  mouth  of 
the  brook  in  a small  gorge  the  rock  is  considerably  broken  parallel 
to  the  channel. 

Wolf  pond  brook  fault.  A narrow  nearly  straight  valley  $l/2 
miles  long  extends  from  Lester  dam  to  north  of  Wolf  pond.  It 
has  probably  been  developed  along  a zone  of  excessive  jointing 
rather  than  along  a distinct  fault.  In  the  bed  of  Wolf  pond  brook, 
one-third  of  a mile  from  its  mouth,  a big  ledge  is  considerably 
broken  by  closely  spaced  joints  parallel  to  the  channel. 

Boreas  river  fault.  Boreas  river,  for  iJ/2  miles  after  it  enters 
the  map  area,  quite  certainly  follows  a channel  which  has  been  cut 
out  along  a fault  zone  or  a zone  of  excessive  jointing.  One  ledge 
along  the  stream  shows  the  broken  rock.  This  fault  zone  is  really 
only  the  southern  end  of  what  is  evidently  a very  prominent  earth 
fracture  extending  far  into  the  Mount  Marcy  quadrangle.  The 
Ausable  lakes  are  there  located  in  this  fault  zone.  The  topographic 
influence  in  the  Mount  Marcy  quadrangle  is  very  striking. 

Niagara  brook  fault.  The  long,  deep,  straight,  narrow  valley 
occupied  in  part  by  Niagara  brook  has  quite  certainly  been  deter- 
mined by  a fault  or  joint-zone  of  weakness.  Counting  its  northern 
extension  beyond  the  map  area  where  its  topographic  influence  is 
even  more  pronounced,  this  fault  or  joint-zone  is  6 miles  long.  No 
broken-rock  zone  was  observed  within  the  Schroon  Lake  quad- 
rangle, the  bed  of  the  brook  there  all  being  in  glacial  drift. 

Other  faults.  A big  ledge  at  the  road  corners  southeast  of 
Oliver  pond  is  all  cracked  into  small  blocks.  Also,  ledges  by  the 
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road  one-third  of  a mile  west  of  Oliver  pond  show  many  closely 
spaced  joints  with  nearly  north-south  strike.  These  zones  of 
broken  rock  are  apparently  minor,  and  since  they  have  no  topo- 
graphic influence  they  are  not  mapped. 

The  steep  southern  face  of  Moxham  mountain  strongly  sug- 
gests a fault  scarp,  but  it  might  have  resulted  by  removal  of  Gren- 
ville strata,  such  rock  now  forming  a considerable  belt  not  far  to 
the  south. 

In  the  bed  of  Boreas  river  i mile  below  Lester  dam,  the  granite 
is  much  broken  and  badly  weathered  in  a fault  zone  of  weakness 
with  nearly  north-south  strike,  but  there  appears  to  be  no  topo- 
graphic influence. 

In  still  other  places  the  topography  suggests  the  presence  of 
fault  zones,  but  in  no  case  has  the  evidence  seemed  strong  enough 
to  warrant  mapping. 

PLEISTOCENE  GEOLOGY 

General  Statements 

It  is  well  known  that,  during  the  great  Ice  Age  of  the  Quaternary 
period,  all  of  New  York  State  except  portions  of  the  extreme 
southern  side  was  buried  under  a sheet  of  ice.  That  this  great 
sheet  of  ice  was  thick  enough  to  bury  even  the  highest  mountains 
of  northern  New  York  is  proved  by  the  presence  of  glacial  pebbles 
and  boulders  at  or  close  to  many  of  their  summits.  This  is  true  in 
the  Schroon  Lake  quadrangle.  In  some  cases  striae  and  glaciated 
ledges  have  been  observed  several  thousand  feet  above  sea  level, 
the  highest  which  happened  to  be  noted  in  the  Schroon  Lake  quad- 
rangle being  at  2200  feet.  Adirondack  glacial  lakes  at  altitudes  of 
several  thousand  feet  above  sea  level  also  bear  strong  testimony  to 
great  depth  of  ice.  The  general  direction  of  movement  of  the  ice 
across  the  Adirondacks  was  toward  the  south  and  southwest,  with 
comparatively  few  local  exceptions.  Such  a persistent  direction  of 
movement  also  strongly  argues  for  complete  burial  of  the  region 
under  ice.  The  ice  spread  southward  as  a part  of  the  great  Labra- 
dorean ice  .sheet  of  eastern  Canada.  When  the  ice,  early  in  its 
southward  movement,  struck  the  Adirondack  highland  district,  one 
portion  flowed  southward  through  the  Champlain  valley  and  sent 
a branch  lobe  westward  into  the  Mohawk  valley.  At  the  same 
time  another  portion  flowed  around  the  western  side  of  the  moun- 
tains and  sent  a lobe  eastward  into  the  Mohawk  valley.  The  two 
lobes,  one  from  the  east  and  the  other  from  the  west,  met  in  the 
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Mohawk  valley  leaving  the  main  portion  of  the  Adirondacks  free 
from  ice.  But,  as  the  ice  increased  in  volume,  more  and  more  of 
the  Adirondack  region  was  covered  till  finally  even  the  highest 
points  were  buried.  In  a paper  published  by  the  writer  some  years 
ago,  the  movement  of  the  great  ice  sheet  across  northern  New 
York  is  discussed.1  During  the  ice  retreat  the  higher  east-central 
Adirondack  region  was  the  first  to  be  freed  from  the  ice,  and  the 
ice-freed  portion  gradually  increased  in  size. 


Direction  of  Ice  Movement 

The  direction  of  ice  movement  across  the  Schroon  Lake  quad- 
rangle is  clearly  recorded  by  both  glacial  scratches  (striae)  and 
the  distribution  of  glacial  boulders.  Distinct  glacial  striae  were 
observed  in  twenty  localities,  their  bearings  and  locations  being 
plotted  on  the  accompanying  geologic  map.  They  are  as  follows: 

1 S io°  W.  On  Grenville  gneiss  ij4  miles  west-southwest  of 
Schroon  Lake  village. 

2 S io°  E.  On  granite  by  the  road  miles  west-northwest  of 
Schroon  Lake  village. 

3 S io°  E.  On  diabase  i miles  due  west  of  Grove  Point. 

4 N-S.  On  granite  three-fourths  of  a mile  northeast  of  Charley 
hill. 

5 N-S.  On  granitic  syenite  near  the  summit  of  Beech  hill. 

6 S io°  E.  On  granite  by  the  road  i mile  west  of  Charley  hill. 

7 N-S.  On  granitic  syenite  by  the  road  i mile  northwest  of 
Taylors  on  Schroon. 

8,  9 S io°  E.  Two  records  one-fifth  of  a mile  apart  on  granite 
by  the  road  three-fourths  of  a mile  north-northeast  of  Pat  pond. 

10  S io°  E.  On  Grenville  gneiss  three-fourths  of  a mile  due 
west  of  Minerva. 

11  S io°  E.  On  granite  by  the  road  just  south  of  Oliver  pond. 

12  N-S.  On  granite  by  the  road  one-third  of  a mile  west-south- 
west of  Oliver  pond. 

13  S 30°  W.  On  granite  by  the  road  one-half  of  a mile  west- 
southwest  of  Oliver  pond. 

14  S io°  E.  On  syenite  by  the  road  one-half  of  a mile  north- 
east of  Muller  pond. 

15  S io°  E.  On  Whiteface  anorthosite  by  the  road  1%  miles 
west-northwest  of  Boreas  river. 


1Amer.  Jour.  Sci.,  27:289-98.  1909. 
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16  S 150  E.  On  Marcy  anorthosite  near  the  creek  three-fourths 
of  a mile  northeast  of  Boreas  river. 

17,  18,  19,  20  S io°  E.  Four  records  on  Marcy  anorthosite  by 
the  road  between  i and  miles  east-northeast  of  Boreas  river. 

It  will  be  seen  from  this  list  that  the  extreme  range  in  direction 
of  the  glacial  striae  is  from  S 15°  E to  S 30°  W.  Further,  all  but 
two  sets  of  the  striae  run  from  N-S  to  S 15°  E.  It  is  evident, 
therefore,  that  the  general  direction  of  movement  of  the  ice  over 
the  quadrangle,  except  possiblv  its  northeastern  one-fourth  where 
no  striae  were  observed,  was  a little  to  the  east  of  south.  This 
harmonizes  closely  with  the  sixty  sets  of  glacial  striae  observed  by 
the  writer1  in  the  North  Creek  quadrangle  next  to  the  south,  the 
average  direction  of  which  is  almost  exactly  N-S. 

Regarding  the  Paradox  Lake  quadrangle  which  lies  just  east, 
Doctor  Ogilvie  says  :2  “ The  more  southerly  and  easterly  parts  of 
the  quadrangle  were  in  the  region  of  the  southwesterly  moving  ice 
current.'’  Professor  Kemp3  has  reached  a similar  conclusion 
regarding  the  southeastern  portion  of  the  Elizabethtown  quad- 
rangle, and  further  observations  there  bv  the  writer  reinforce  this 
view.  In  the  Blue  Mountain  quadrangle,  the  second  to  the  west  of 
the  Schroon  Lake  quadrangle,  the  writer4  has  recently  shown  that 
the  general  direction  of  ice  movement  was  southwestward.  Pro- 
fessor Cushing5  reached  the  same  conclusion  regarding  the  Long 
Lake  quadrangle.  As  shown  by  the  writer,6  the  general  ice  cur- 
rent was  southwestward  across  the  Lake  Pleasant  quadrangle  in 
the  south-central  Adirondacks. 

From  the  above  facts  it  is  evident  that  the  southward  to  even 
slightly  southeastward  movement  of  the  ice  across  the  Schroon 
Lake  and  North  Creek  quadrangles  was  rather  strikingly  excep- 
tional, having  been  surrounded  by  the  great  sheet  of  generally 
southwestward  moving  ice.  The  writer  has  no  explanation  for  this 
puzzling  fact.  Local  topographic  control  of  the  ice  current  in  the 
Schroon  Lake  area  can  not  have  been  the  cause  of  the  deflection 
because  most  of  the  prominent  ridges  and  valleys  have  a north- 
northeasterly  strike  and  the  others  vary  from  east-west  to  north- 
west, so  that  the  ice  moved  across  these  sets  of  valleys  at  angles  of 
from  20  to  90  degrees.  The  location  and  strike  of  striae  in  valleys, 

1 N.  Y.  State  Mus.  Bui.  170,  p.  66.  1914. 

2 N.  Y.  State  Mus.  Bui.  96,  p.  470.  1905. 

3 N.  Y.  State  Mus.  Bui.  138,  p.  95.  1910. 

4 N.  Y.  State  Mus.  Bui.  192,  p.  48.  1916. 

5 N.  Y.  State  Mus.  Bui.  1 1 5,  p.  495.  1907. 

* N.  Y.  State  Mus.  Bui.  182,  p.  63-64.  1916. 
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like  those  north  of  Pat  pond  and  east  of  Boreas  river  or  at  the 
summit  of  Beech  hill,  clearly  prove  the  failure  of  the  topographv 
to  determine  the  direction  of  the  ice  movement. 

Ice  Erosion 

There  is  no  evidence  that  the  ice  was  a vigorous  agent  of  erosion 
within  the  quadrangle.  It  may  possibly  have  scoured  out  and 
somewhat  deepened  the  basin  of  Schroon  lake,  but  definite  proof 
is  lacking.  Certainly  none  of  the  more  prominent  valleys  were 
produced  by  ice  erosion,  for,  as  above  shown,  the  main  body  of 
the  ice  flowed  across  the  trend  of  the  valleys  rather  than  parallel 
to  them  as  would  have  been  necessary  for  ice  erosion  to  have  been 
very  effective  for  their  development  or  even  notable  modification. 

It  is  quite  certain,  however,  that  the  ice  did  remove  from  its 
original  position  practically  all  the  preglacial  soils  and  most  of  the 
rotten  rock.  Further,  the  vast  number  of  glacial  pebbles  and 
boulders  of  comparatively  fresh  rocks  clearly  show  that  much 
relatively  fresh  rock  must  have  been  removed  probably  by  the 
process  of  plucking  or  pushing  off  joint  blocks  which  during  trans- 
portation became  more  or  less  rounded.  Altogether,  however,  the 
total  amount  of  material  eroded  by  the  ice  made  no  marked  dif- 
ference in  the  preglacial  topography.  The  dumping  of  glacial 
material  in  the  valleys  during  and  after  the  ice  retreat  has  probably 
altered  the  topography  more  than  erosion  by  the  ice. 

Glacial  Deposits 

Morainic  deposits.  Typical  morainic  deposits,  mostly  glacial 
till  or  ground  morainic  material,  are  common  throughout  the  quad- 
rangle though  usually  they  are  more  or  less  associated  with  strati- 
fied or  fluvio-glacial  materials.  Boulder  clay  is  seldom  seen. 
Morainic  deposits  are  particularly  well  developed  over  the  lower 
lands  or  valleys,  while  well  up  on  the  hills  and  mountains  they  are 
usually  absent  or  thin.  It  is  evident  that,  during  the  retreat  of 
the  great  ice  sheet,  the  burden  of  morainic  material  was  largely 
dumped  in  the  valleys  either  by  direct  deposition  from  the  ice  or  by 
water  in  connection  with  the  ice,  or  both. 

The  most  extensive  development  of  morainic  and  fluvio-glacial 
deposits  is  in  the  area  of  over  6 square  miles  mapped  as  Pleisto- 
cene in  the  central  portion  of  the  quadrangle.  Within  this  area 
the  hard  rocks  are  everywhere  concealed  under  glacial  deposits 
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W.  J.  Miller,  photo,  1916 

great  glacial  boulder  of  Marcy  anorthosite  near  the  southeastern  base  of  Cobble  hill  three- fourths  of  a mile 
southwest  of  Warren’s  Hotel.  It  is  approximately  33  feet  long,  27  feet  wide,  and  25  feet  high.  It  was  carried 
at  least  a few  miles  from  its  parent  ledge  by  the  ice  during  the  Ice  Age.  Due  to  weathering  and  freezing  of 
water  along  a joint  crack,  the  boulder  has  been  split  open  since  it  was  left  by  the  ice. 
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except  at  the  four  places  indicated  on  the  map.  A little  west  of 
the  middle  of  this  area,  there  is  an  area  of  nearly  a square  mile, 
mostly  an  old  clearing,  where  a boulder  moraine  is  conspicuously 
shown. 

In  the  area  of  Pleistocene  east  and  southeast  of  Olmstedville 
morainic  and  fluvio-glacial  deposits  are  also  well  exhibited,  with 
boulders  especially  prominent  in  the  northern  half.  In  and  near 
Olmstedville,  in  the  area  of  Grenville,  there  are  also  fine  develop- 
ments of  morainic  and  fluvio-glacial  materials  with  boulders 
common. 

Very  conspicuous  boulder  morainic  deposits  occur  for  a mile  on 
either  side  of  the  Trout  Brook  valley  from  1 to  ij4  miles  south- 
east of  Muller  pond. 

The  Pleistocene  of  the  area  between  South  Schroon  and  Grove 
Point  is  largely  morainic  material. 

Among  many  smaller  scale  morainic  deposits  are  those  in  the 
valley  east  of  Catamount  hill,  and  three- fourths  of  a mile  south- 
west of  Irishtown. 

Glacial  boulders  (erratics).  Glacial  boulders  or  erratics  are 
very  abundant  and  widespread  over  the  quadrangle,  though  they 
are  much  less  common  on  the  tops  of  mountains  and  hills  than  over 
the  lowlands.  Some  of  the  more  prominent  groupings  of  boulders 
in  so-called  “ boulder  moraines  ” are  mentioned  above.  In  addi- 
tion to  those  there  should  be  noted  the  accumulation  of  hundreds 
of  large  and  small  angular  masses  of  Potsdam  sandstone  just  south- 
west of  Thurman  pond  and  all  over  the  area  of  Potsdam  sand- 
stone north  of  the  pond. 

An  8-inch  angular  fragment  of  typical  Trenton  limestone  was 
noted  a few  rods  west  of  the  south  end  of  Thurman  pond.  This 
suggests  either  a hidden  ledge  of  such  rock  in  this  portion  of  the 
Schroon  valley,  or  a mass  scraped  off  and  broken  up  by  the  ice, 
though  the  fragment  might  possibly  have  been  carried  by  the  ice 
for  many  miles. 

While  numerous  boulders  represent  various  types  of  the  region, 
most  of  the  largest  ones  are  of  Marcy  anorthosite.  The  writer 
was  particularly  impressed  by  many  boulders,  usually  only  moder- 
ately rounded,  ranging  from  10  to  20  feet  in  diameter  in  the  woods 
on  the  southern  portion  of  Texas  ridge. 

A very  large  and  interesting  glacial  boulder  of  Marcy  anorthosite 
lies  in  an  old  field  near  the  southeastern  base  of  'Cobble  hill  three- 
fourths  of  a mile  southwest  of  Warren’s  hotel.  Roughly  meas- 
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ured,  it  is  33  feet  long,  27  feet  wide  and  25  feet  high.  Since  its 
deposition  by  the  ice  it  has  been  split  open  along  a joint  surface. 
Plate  11  shows  the  appearance  of  this  boulder.  It  was  transported 
at  least  several  miles,  since  the  nearest  outcrops  of  Marcy  anor- 
thosite are  that  far  to  the  north. 

Two  remarkable  boulders  of  Marcy  anorthosite  are  shown  in 
plate  12.  They  are  close  to  the  road  two-thirds  of  a mile  south  of 
Wolf  pond.  Both  are  notably  rounded,  suggesting  transportation 
for  a number  of  miles  at  least.  One  of  them,  at  least  14  feet  in 
diameter,  rests  in  a remarkably  balanced  position  upon  the  other 
large  one  which  is  partially  buried  in  the  glacial  drift.  It  scarcely 
seems  possible  that  the  upper  boulder  can  retain  such  a position, 
and  yet  it  remains  there  in  spite  of  an  attempt  some  years  ago  to 
pry  it  off. 

Karnes  and  eskers.  Karnes  and  eskers  definitely  recognizable 
as  such  are  not  common  in  the  quadrangle.  In  the  areas  of  heavy 
glacial  and  fluvio-glacial  deposits,  some  of  the  little  hills  strongly 
suggest  their  origin  as  kames,  but,  since  their  structure  is  rarely 
ever  revealed,  this  is  not  certain. 

But  one  clearly  defined  esker  was  observed,  and  this  is  a very 
fine  one.  It  lies  just  northwest  of  Schroon  Lake  village  with  a 
sinuous  course  and  a general  north-south  strike  for  more  than  two- 
thirds  of  a mile.  Its  northern  end  comes  against  the  base  of  the 
steep  hill.  The  contour  map  only  roughly  suggests  its  position. 
It  consists  of  sand  and  well-rounded  small  to  large  pebbles.  In 
height  it  varies  from  20  to  75  feet.  Toward  the  north  where  it  is 
highest  and  covered  with  trees,  it  is  a very  steep-sided  narrow 
ridge.  Plate  13  shows  part  of  it  toward  the  south  in  an  open  field 
where  it  is  neither  so  high  nor  so  sharply  defined.  This  esker  was 
probably  formed  by  a debris-laden  stream  from  the  hillside  upon 
or  under  the  ice  of  the  great  waning  ice  sheet  which  still  lay  in  the 
valley. 

Lakes  and  Their  Deposits 

Extinct  lakes.  Glacial  Lake  Pottersville.  This  former  large  lake 
was  first  recognized  by  the  writer  and  described  in  his  report  on 
the  North  Creek  quadrangle.1  It  is  named  from  the  village  of 
Pottersville  which  lies  on  the  old  lake  bottom.  Its  waters  spread 
through  the  Schroon  valley  from  near  Chestertown,  over  the  site 
of  Schroon  lake,  and  to  north  of  North  Hudson.  Branches  of  the 


1*N.  Y.  State  Mus.  Bui.  170,  p.  70-72.  1914. 


Plate  12 


w.  J. 


Miller,  photo,  1917 


A rounded  glacial  boulder  of  Marcy  anorthosite  fully  14  feet  in  diameter 
resting  in  a remarkably  balanced  position  upon  another  boulder  of  the 
same  kind  of  rock  by  the  Blue  Ridge-Boreas  River  road  two-thirds  of 
a mile  south  of  Wolf  pond 
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Fig.  9 Map  showing  the  general  extent  of  glacial  Lake  Pottersville. 
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lake  spread  out  over  the  sites  of  the  present  Paradox,  Brant  and 
Loon  lakes.  Figure  9 shows  the  general  extent  of  the  waters  of 
this  great  lake. 

Glacial  Lake  Pottersville  came  into  existence  after  the  retreat  of 
the  ice  because  of  a dam,  probably  morainic,  across  the  Schroon 
valley  east  of  Chestertown. 

The  former  existence  of  this  large  body  of  water  is  demon- 
strated by  the  presence  of  numerous  almost  perfectly  preserved 
very  typical  delta  sand  flats  or  plains  at  nearly  accordant  levels. 
Such  deposits  must  have  formed  in  standing  water.  In  the 
vicinity  of  Pottersville  the  highest  water-laid  lake  deposits  are  a 
little  below  the  900-foot  contour;  near  Schroon  Lake  village  they 
are  at  about  920  feet,  and  at  North  Hudson  about  960  feet.  In  the 
Schroon  valley  of  the  Paradox  Lake  quadrangle  there  is  an  almost 
continuous  succession  of  finely  developed  sand  flats  or  terraces. 
The  northward  increase  in  altitude  of  these  high  level  lake  deposits 
is  due  to  postglacial  differential  uplift  of  the  land  with  a northward 
increase  at  the  rate  of  several  feet  a mile.  This  harmonizes  with 
similar  findings  regarding  postglacial  changes  of  level  in  the  Cham- 
plain valley. 

A fine  section  exhibiting  the  structure  of  the  delta  material  occurs 
along  the  state  road  just  west  of  Schroon  Lake  village.  The  delta 
terrace  is  well  displayed  for  2 miles  northward  from  the  village, 
several  kettle-holes  occurring  on  it,  these  having  probably  resulted 
from  the  melting  of  stranded  icebergs  which  had  been  surrounded 
by,  or  possibly  buried  under,  the  delta  sands.  The  steep  eastern 
front  of  this  terrace,  so  clearly  shown  on  the  contour  map  for  2 
miles  northward  from  the  village,  is  the  result  of  erosion  by  the 
meandering  Schroon  river. 

Glacial  Lake  Pottersville  was  destroyed  as  such  by  cutting  down 
its  outlet  east  of  Chestertown.  Schroon  lake  is  but  a remnant  of 
the  former  great  lake. 

Glacial  Lake  Minerva.  This  former  lake  is  so  named  because  it 
lay  in  the  valley  of  Minerva  stream  in  the  town  of  Minerva. 
Moxham  pond  is  a tiny  remnant  of  this  body  of  water  which  was 
fully  6 miles  long.  The  area  of  the  lake  was  almost  exactly  the 
same  as  that  of  the  area  of  Pleistocene  represented  on  the  geologic 
map.  A morainic  dam  at  Olmstedville  was  quite  certainly  the 
cause  of  the  ponding  of  this  water.  At  the  village,  Minerva  stream 
has  cut  a deep  channel  through  this  morainic  deposit,  and  thus  the 
lake  has  been  drained.  The  water  level  stood  at  what  is  now  the 


Plate  13 


W.  J.  Miller,  photo,  1917 

view  of  part  of  the  southern  end  of  the  esker  just  northwest  of  Schroon  Lake  village.  Looking  north 

from  the  top  of  the  esker 
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1180-foot  contour  level  toward  the  south  end,  and  the  1200-foot 
contour  toward  the  north  end.  Fine  displays  of  delta  sand  flats 
occur  in  the  vicinity  of  Irishtown,  and  along  the  lower  road  between 
Irishtown  and  Olmstedville.  Along  the  old  road  near  the  northern 
end  of  the  lake  bed  there  is  a long  delta  terrace  of  mostly  fine  to 
coarse  gravel,  such  coarse  material  being  due  to  the  fact  that 
Minerva  stream  there  emptied  into  the  lake  and  dumped  its  load 
of  coarse  debris.  The  old  lake  deposits  have  been  considerably 
cut  away  throughout  the  valley  by  the  meanderings  of  Minerva 
stream. 

Glacial  Lake  Blue  Ridge.  The  bottom  of  the  valley  of  the 
Branch  west  of  Blue  Ridge  village  is  remarkably  flat  and  free  from 
boulders.  It  is  certainly  the  bed  of  a former  lake.  The  1200-foot 
contour  closely  follows  the  old  shore  line  of  this  body  of  water 
which  was  fully  3 miles  long  and  one-fourth  to  two-thirds  of  a 
mile  wide.  Its  water  was  held  up  by  a barrier  of  either  ice  or 
morainic  material  (probably  the  latter)  in  the  vicinity  of  Blue 
Ridge  village.  In  the  vicinity  of  the  village  the  limits  of  the  lake 
are  not  very  clear,  but  otherwise  the  area  of  the  lake  was  approxi- 
mately that  of  the  area  of  Pleistocene  shown  on  the  geologic  map. 

Other  extinct  lakes.  All  the  flat  areas  of  swamp  lands  indicated 
on  the  map  are  beds  of  former  ponds  and  small  lakes,  the  more 
conspicuous  ones  being  along  Ryan,  Alder,  Trout  and  Wolf  pond 
brooks,  and  from  1 to  2 miles  southeast  of  Lester  dam.  In  these 
cases  the  pond  or  lake  basins  have  been  completely  filled  with  sedi- 
ments and  vegetable  accumulations.  Among  the  cases  where  the 
lake-filling  process  has  been  only  partially  completed  are  the  basins 
of  Bailey,  Muller,  Rogers,  Marsh,  Thurman,  Hoffman  notch,  and 
Wolf  ponds.  The  swamp  areas  around  these  ponds  represent  the 
amount  of  pond  filling  which  has  taken  place  since  the  Ice  Age. 

Existing  lakes.  Of  the  thirty  or  more  lakes  and  ponds  of  the 
quadrangle,  all  except  a few  with  artificial  dams  have  their  waters 
held  up  by  dams  of  glacial  drift.  Largest  of  all  is  Schroon  lake, 
7 miles  of  whose  9 miles  in  length  lie  within  the  quadrangle.  As 
already  pointed  out,  it  is  but  a remnant  of  former  glacial  Lake 
Pottersville.  It  may  be  regarded  as  merely  a local  enlargement  of 
Schroon  river  whose  waters  are  held  back  by  Pleistocene  deposits 
in  the  vicinity  of  Pottersville.  It  is  possible  that  the  Schroon  lake 
basin  was  somewhat  deepened  by  ice  erosion  during  the  great  Ice 
Age,  but  data  regarding  this  point  are  not  in  the  possession  of  the 
writer. 
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Cheney  pond  was  a small  natural  pond  in  the  northern  part  of 
the  basin  now  occupied  by  the  large  body  of  water  of  the  same 
name,  the  building  of  Lester  dam  having  raised  the  water  to  the 
present  level. 

Brace  dam  no  longer  holds  back  the  water  of  Boreas  river  as 
shown  on  the  map. 

Hewitt  pond  occupies  a rather  delicately  balanced  position  as 
regards  its  outlet.  A trench,  perhaps  not  more  than  io  feet  deep, 
cut  through  the  narrow  barrier  of  loose  glacial  drift  along  its  south- 
western side  would  allow  the  pond  to  drain  westward  into  the 
Boreas  and  Hudson  rivers,  instead  of  eastward  as  now  into  the 
Schroon  river. 

The  other  ponds  of  this  region  require  no  special  description. 

Postglacial  Changes  of  Level 

It  is  a well-known  fact  that,  during  the  closing  stages  of  the  Ice 
Age  and  just  afterward,  northern  New  York,  including  the  area 
of  the  Schroon  Lake  quadrangle,  was  submerged  hundreds  of  feet 
below  the  present  altitude,  and  that  tide  water  extended  through 
the  Champlain  valley.  This  is  proved  by  the  presence  of  marine 
beaches  with  fossils  several  hundred  feet  above  sea  level  in  the 
Champlain  valley.  The  most  recent  earth  movement  in  northern 
New  York  has  been  that  which  has  brought  the  marine  deposits  to 
their  present  position  above  sea  level.  This  earth  movement  has 
been  differential  with  greatest  uplift  toward  the  north,  the  rate  of 
increase  northward  having  been  several  feet  a mile.  The  differen- 
tial uplift  appears  to  be  clearly  recorded  within  the  Schroon  Lake 
and  adjoining  Paradox  Lake  and  North  Creek  quadrangles  where, 
as  already  shown,  the  delta  terraces  and  sand  plains  of  former 
glacial  Lake  Pottersville  gradually  increase  in  altitude  northward 
at  the  rate  of  several  feet  a mile.  The  deposits  in  glacial  Lake 
Minerva  also  seem  to  show  a similar  uplift,  but  the  evidence  there 
is  not  so  decisive. 


Plate  14 


Looking  south  through  the  narrows  of  Schroon  lake  from  the  village 
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SUMMARY  OF  GEOLOGICAL  HISTORY1 

Prepaleozoic  History 

The  Grenville  series  comprise  the  oldest  known  rocks  of  the 
quadrangle.  They  are  metamorphosed  sediments  usually  with 
their  stratification  more  or  less  well  preserved.  They  are  thought 
to  be  of  Archeozoic  age ; that  is,  they  belong  among  the  oldest 
known  rocks  of  the  earth.  Since  Grenville  strata  are  widespread 
in  northern  New  York  and  much  of  eastern  Ontario,  it  is  probable 
that  they  were  deposited  under  sea  water,  and,  since  they  are  at 
least  some  miles  thick,  the  time  required  for  their  deposition  must 
have  been  no  less  than  a few  millions  of  years.  In  the  Adirondacks 
the  Grenville  strata  were  probably  subjected  to  static  metamor- 
phism whereby  the  original  shales,  sandstones  and  limestones  were 
completely  crystallized  into  various  gneisses  and  schists,  quartzite 
and  crystalline  limestone  (marble).  The  Grenville  strata  show  a 
very  irregular  or  “ patchy  ” distribution  because  they  have  been 
badly  cut  to  pieces  by  great  bodies  of  intrusive  rocks.  Because  of 
the  breaking  up  of  the  strata  into  masses  great  and  small  by  the 
intrusives,  they  are  in  many  places  highly  tilted  or  moderately 
bent,  and  in  some  places  locally  contorted,  but  there  is  no  evidence 
that  they  were  ever  notably  folded  by  orogenic  pressure.  In  fact 
the  combination  of  well-preserved  stratification  of  the  thoroughly 
crystallized  sediments  and  foliation  due  to  flattening  of  minerals 
always  parallel  to  the  stratification  would  scarcely  be  expected  if 
severe  lateral  compression  of  the  strata  had  ever  taken  place. 

The  oldest  known  intrusive  is  the  anorthosite  which  worked  its 
way  up  into  the  crust  of  the  earth  as  a relatively  stiff  gabbroid 
magma,  probably  laccolithically.  From  the  gabbroid  magma  the 
anorthosite  differentiated.  The  rising  magma  for  most  part  lifted 
or  domed  the  Grenville  strata  over  it,  but  also  to  some  extent  its 
borders  engulfed  fragments  of  the  strata. 

Distinctly  later,  though  apparently  not  very  much  (geologically) 
later,  came  the  intrusion  of  a tremendous  body  of  magma  now 
represented  by  the  syenite-granite  series.  This  vast  magma  for 
most  part  slowly  and  very  irregularly  worked  its  way  upward,  and 


1 The  interested  reader  who  may  not  be  very  familiar  with  the  science 
of  geology  might  care  to  consult  a recent  work  by  the  writer  entitled 
The  Adirondack  Mountains,  which  is  a somewhat  untechnical  guide  to  the 
geology  and  physiographic  history  of  the  Adirondack  region.  This  is 
published  as'  New  York  State  Museum  Bulletin  193. 
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in  places  actually  domed  the  Grenville  over  itself.  Mostly,  how- 
ever, this  magma  either  broke  up  or  tilted  masses  of  Grenville 
great  and  small,  or  broke  through  it  as  great  off-shoots  from  the 
magma,  or  even  more  intimately  intruded  or  injected  it.  The  more 
or  less  well-developed  foliation  of  both  the  anorthosite  and 
syenite-granite  is  regarded  as  essentially  a magmatic  flow-structure 
produced  under  the  pressure  conditions  of  the  intrusions. 

At  some  time  after  the  deposition  of  the  Grenville  strata,  the 
whole  Adirondack  region  was  elevated  well  above  sea  level. 
Whether  this  uplift  took  place  prior  to  the  great  igneous  activity, 
or  during  the  instrusion  of  the  anorthosite  or  syenite-granite,  or 
both,  is  not  definitely  known,  but  it  is  reasonable  to  think  that  the 
same  great  force  which  caused  the  updwelling  of  one  or  both  these 
magmas  also  produced  the  general  uplift  of  the  region. 

Just  when  the  metamorphism  of  the  Greenville  strata  took  place 
is  not  known,  but  there  is  strong  evidence  that  it  took  place  either 
before  or  during  the  great  igneous  activity  and  not  afterward. 

Following  the  intrusion  of  the  syenite-granite  series,  there  was  a 
time  of  minor  igneous  activity  when  the  gabbro  magma  was  forced 
upward  into  the  earth’s  crust  mostly  in  the  form  of  stocks  sharply 
cutting  the  older  rocks.  Intrusions  of  pegmatite  and  aplite  dikes 
also  took  place,  some  after  the  gabbro,  and  some  probably  before  it. 

The  general  elevation  of  the  region  above  referred  to  inaugu- 
rated a time  of  profound  erosion  which  lasted  at  least  some  mil- 
lions of  years,  even  well  into  the  Cambrian  period  of  the  Paleozoic 
era.  This  is  proved  by  the  fact  that  all  the  rocks  above  mentioned 
are  now  at  the  surface  and  exhibit  textures  and  structures  which 
could  have  been  produced  only  under  deep-seated  geologic  con- 
ditions, that  is  many  thousands  of  feet  below  the  surface  of  the 
earth. 

After  the  removal,  by  erosion,  of  a great  thickness  of  rock 
material,  the  last  Prepaleozoic  igneous  activity  of  the  region  took 
place  when  the  molten  diabase  was  forced  into  narrow  fissures  in 
the  earth  and  cooled  in  the  form  of  dikes.  This  diabase  is  known 
to  cut  all  the  other  rocks.  That  it  must  have  cooled  rather  near 
the  earth’s  surface  is  evidenced  by  the  usually  fine-grained  to  even 
glassy  texture. 

Paleozoic  History 

As  a result  of  the  vast  erosion  above  mentioned,  the  whole  Adi- 
rondack area  was  worn  down  to  near  sea  level  and  it  presented  at 
most  only  a very  moderate  relief.  Then,  in  late  Cambrian  time, 
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a gradual  submergence  took  place  which  allowed  the  sea  to  encroach 
well  upon  the  old  land  surface.  As  shown  by  the  outliers  at  and 
near  Schroon  Lake  and  elsewhere  in  the  eastern  and  southern 
Adirondacks,  the  first  sediment  to  deposit  on  the  floor  of  the 
encroaching  sea  was  the  Potsdam  sandstone,  followed  in  turn  by 
the  Theresa  sandstone  and  dolomite  and  the  Little  Falls  dolomite, 
all  of  late  Cambrian  age.  That  the  eastern  and  southern  sides  of 
the  Schroon  Lake  quadrangle  were  submerged  under  the  late  Cam- 
brian sea  is  proved  by  the  existence  of  the  outliers  of  rocks  of  that 
age  in  the  Schroon  valley  and  near  North  River  close  to  the  south- 
western corner  of  the  quadrangle.  There  is  no  evidence  that  the 
late  Cambrian  sea  covered  the  northwestern  portion  of  the  quad- 
rangle (see  figure  6). 

Within  the  quadrangle,  positive  data  regarding  the  Ordovician 
history  are  wholly  lacking.  It  is  however  known  that  all  of  north- 
ern New  York  was  moderately  above  sea  level  toward  the  close 
of  the  Cambrian,  and  that  submergence  again  occurred  during  the 
Ordovician  so  that,  toward  the  middle  of  that  period,  all  but  prob- 
ably a large  low  island  in  the  east-central  Adirondack  region  was 
under  sea  water  (see  figure  6).  It  is  highly  probable  that,  during 
part  of  the  period  at  least,  the  Ordovician  sea  spread  over  part  of 
the  Schroon  Lake  quadrangle. 

There  is  no  reason  to  believe  that  marine  waters  ever  spread 
over  any  more  than  the  fringe  of  the  Adirondack  area  at  any  time 
since  the  Ordovician.  In  other  words,  the  Adirondack  district 
has  been  a land  area  subjected  to  erosion  ever  since  Ordovician 
time. 


Mesozoic  and  Cenozoic  History 

As  a result  of  the  long  time  of  erosion  from  the  Ordovician 
period  to  late  in  the  Mesozoic  era  or  early  in  the  Cenozoic  era, 
most  of  northern  New  York  was  reduced  to  the  condition  of  a 
fairly  good  peneplain  with  some  masses  of  relatively  hard  rocks, 
especially  in  the  east-central  Adirondacks,  rising  to  moderate 
heights  above  the  general  level. 

Then  the  great  peneplain  (commonly  called  the  “ Cretaceous 
peneplain”)  was  upraised  and  a new  period  of  active  erosion  was 
inaugurated  which  has  continued  to  the  present  day.  There  is  some 
reason  to  think  that  this  erosion  proceeded  far  enough  to  permit 
the  larger  rivers,  like  the  Schroon,  to  reach  an  almost  graded 
condition,  after  which  there  was  moderate  renewed  uplift. 
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Much  of  the  faulting  of  the  eastern  and  southern  Adirondacks 
dates  from  the  time  of  this  peneplain  uplift  or  even  later,  though 
it  is  likely  that  some  took  place  much  earlier. 

Immediately  preceding  and  probably  during  much  of  the  great 
Ice  Age,  this  region,  like  all  the  northeastern  United  States,  was 
considerably  higher  than  now,  as  proved  by  such  drowned  river 
channels  as  the  lower  Hudson  and  St  Lawrence. 

During  the  Ice  Age  of  the  Quaternary  period,  the  area  of  the 
quadrangle,  in  common  with  nearly  all  of  New  York  State,  was 
buried  under  the  great  ice  sheet  which  has  left  many  records,  such 
as  striae  on  the  ledges,  glacial  boulders,  moraines  and  glacial 
deposits  in  general.  The  preglacial  topography  was  not  profoundly 
affected  by  ice  erosion  and  deposition.  The  many  extinct  and 
existing  lakes  of  the  quadrangle  were  formed  either  by  actual  pres- 
ence of  the  ice  dam  itself  or,  more  commonly,  by  irregular  deposits 
of  drift  across  old  stream  channels. 

A subsidence  of  the  land  several  hundred  feet  below  the  present 
level  took  place  toward  the  closing  stages  of  the  Ice  Age  or  imme- 
diately after  for  this  latitude,  when  arms  of  the  sea  extended 
through  the  Champlain  and  St  Lawrence  valleys.  The  area  of  the 
Schroon  Lake  quadrangle  was  then,  of  course,  lower  than  now. 

The  most  recent  movement  of  the  land  has  been  a differential 
uplift  with  greater  elevation  toward  the  north.  At  the  latitude 
of  the  Schroon  Lake  quadrangle,  this  postglacial  uplift  has 
amounted  to  several  hundred  feet  with  greater  uplift  toward  the 
north,  the  rate  of  increase  in  elevation  northward  having  been 
several  feet  a mile.  The  differential  character  of  this  uplift  is 
well  shown  by  the  delta  deposits  of  the  extinct  glacial  Lake 
Pottersville. 


MINES  AND  QUARRIES 

Graphite 

A graphite  mine  is  located  at  the  western  base  of  Catamount  hill 
about  io  or  15  rods  northeast  of  the  confluence  of  Trout  and  Alder 
brooks.  The  mine  has  not  been  in  operation  for  several  years, 
but  the  buildings  still  stand,  and  a considerable  quantity  of  the 
graphite-bearing  rock  is  piled  up. 

The  mine  workings  are  located  on  a belt  of  Grenville  biotite- 
graphite  schist  some  30  or  40  feet  wide.  Most  of  the  rock  of  this 
belt  is  in  very  thin  layers  and  contains  tiny  flakes  of  graphite,  but 
one  zone  in  it,  a few  feet  wide,  is  extra  rich  in  large  thin  flakes 


GEOLOGY  OF  THE  SCHROON  LAKE  QUADRANGLE 


97 


of  graphite,  many  of  which  range  from  i to  5 millimeters  across. 
This  extra  rich  layer  was  the  one  principally  worked.  A band 
of  crystalline  limestone  a few  feet  thick,  containing  graphite  and 
green  pyroxene,  lies  in  contact  with  the  graphite  schist.  The  strike 
of  the  rock  is  N 50°  W and  the  dip  S 6o°.  Some  small  workings 
are  at  the  surface,  but  the  main  operation  was  running  a shaft  said 
to.be  75  feet  deep  and  now  filled  with  water. 

Graphite  flakes  commonly  occur  scattered  through  the  crystalline 
limestone  of  the  Grenville  areas  around  Minerva  and  Olmsted- 
ville,  but  not  in  such  form  or  quantity  as  to  be  commercial  at 
present. 

Garnet 

On  the  hill  one-third  of  a mile  southwest  of  Calahan  pond,  there 
are  two  places  close  together  where  red  garnet  was  mined  to  some 
extent  a good  many  years  ago.  In  the  smaller  mine  opening,  which 
lies  just  west  of  the  map  boundary,  the  garnet,  in  irregular  to 
rounded  highly  fractured  masses  up  to  several  inches  in  diameter, 
is  associated  with  Grenville  coarse  crystalline  limestone  and  con- 
siderable green  pyroxene  in  crude  crystals  up  to  an  inch  in  length. 
This  Grenville  is  twisted  into  gneissoid  granite,  the  relationship 
being  very  clear.  Some  much  smaller  inclusions  of  pyroxene  and 
garnet  rock  are  sharply  defined  in  the  granite.  The  larger  opening, 
whose  location  is  indicated  on  the  map,  is  50  feet  long  and  30  feet 
wide.  It  shows  similar  rocks  except  that  no  granite  actually  appears 
in  the  mine  opening.  Granite  does,  however,  outcrop  only  a few 
rods  away.  It  is  probable  that  these  garnets  developed  during  the 
process  of  metamorphism  along  and  close  to  the  contact  between 
the  Grenville  strata  and  the  granite. 

Garnets  occur  in  various  other  rocks  of  the  quadrangle,  being 
especially  abundant  in  certain  of  the  Grenville  hornblende-garnet 
gneisses,  and  in  certain  facies  of  the  anorthosite  and  syenite-granite 
series,  but  in  all  these  the  garnets  are  generally  too  small  and  scat- 
tering to  be  of  commercial  value. 

Iron  Ore 

Minerva  mine.  This  small  mine  is  situated  miles  due  north 
of  Minerva  village  or  three-fifths  of  a mile  southeast  of  Sherman 
pond  and  at  an  altitude  of  1900  feet  (see  map).  The  Burden  Iron 
Company  conducted  the  last  mining  operations  in  1881  and  sent 
the  ore  to  Troy. 
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In  a description  of  this  mine  Newland1  says:  “ The  deposit  has 
a northwesterly  strike  in  conformity  to  the  general  trend  of  the 
country  rocks.  It  has  a flat  dip  of  not  more  than  io°  northeast, 
but  as  the  surface  rises  sharply  in  that  direction,  the  overburden 
soon  becomes  too  heavy  for  open-cut  work.  There  are  a number 
of  pits  and  trenches  along  the  outcrop,  extending  altogether  for  a 
distance  of  ioo  rods.  A breast  of  ore  12  or  15  feet  thick  is  exposed 
in  the  middle  section.  The  thickness  diminishes  toward  the  ends, 
but  it  was  not  possible  to  estimate  the  size  with  accuracy  owing 
to  the  partial  filling  in  of  the  pits.  Some  drilling  is  said  to  have 
been  done  a number  of  years  ago  to  test  the  ore  body  in  depth ; 
the  records,  however,  have  not  been  available  for  use  in  this 
report.” 

“ The  ore  is  a fairly  coarse,  granular  magnetite.  Samples  taken 
from  different  parts  of  the  body  indicate  an  iron  content  above 
50  per  cent  on  the  average,  so  that  it  would  be  classed  as  of  rich 
grade.  The  principal  impurity  is  pyrite  which  seems  to  be  concen- 
trated in  narrow  bands  and  is  not  generally  admixed  with  the 
magnetite.  A quantity  of  the  more  sulfurous  ore  has  been  left 
on  the  surface  near  the  openings.” 

As  far  as  could  be  determined  in  the  old  pits,  now  considerably 
filled  with  water,  the  ore  appears  to  be  a crude,  lenslike  mass 
directly  associated  with  an  intimate  mixture  of  granite  and  older 
dark  gneisses.  The  granite  is  gray  to  pinkish  gray  with  well- 
developed  foliation,  being  locally  almost  schistose.  The  older 
rocks  are  chiefly  hornblende  and  hornblende-biotite  gneisses  with 
some  garnet  and  pyrite,  and  dark  green  pyroxene  gneiss.  In  this 
connection  it  may  be  noted  that  similar  ore  has  been  described  by  the 
writer  as  occurring  in  like  association  with  closely  involved  syenite 
or  granite  and  dark  gneisses  in  both  the  Port  Leyden  and 
Remsen  quadrangles,  and  by  Cushing  in  the  Little  Falls  quadrangle, 
all  of  these  along  the  southwestern  border  of  the  Adirondacks.  It 
would  seem  that  when  the  syenite  or  granite  magma  worked  its  way 
through  or  alongside  the  dark  gneisses,  the  conditions  were  somehow 
favorable  for  the  segregation  of  the  magnetite. 

Prospect  near  Loch  Muller.  In  and  about  a small  prospect 
opening  three-fourths  of  a mile  northwest  of  Loch  Muller,  mag- 
netic iron  ore  also  occurs  in  direct  association  with  intimately  mixed 


1 N.  Y.  State  Mus.  Bui.  119,  p.  89-90.  1908. 


GEOLOGY  OF  THE  SCHROON  LAKE  QUADRANGLE 


99 


granite  and  hornblende  gneiss.  Hornblende  gneiss  is  all  shot 
through  by  pink  granite,  and  the  magnetite  occurs  as  small,  irregu- 
lar masses  through  the  mixture. 

Road  Materials 

So-called  “ trap  rock  ” is  typically  represented  by  the  diabase 
dikes  of  the  quadrangle.  Such  rock  ranks  among  the  very  finest 
of  all  natural  road-building  material  because  of  its  hardness,  fine- 
ness of  grain,  homogeneity,  freedom  from  mica,  and  good  binding 
power,  this  last  being  due  to  richness  in  iron-bearing  minerals. 
None  of  the  diabase  dikes  of  the  quadrangle  has  ever  been  worked 
though  two  of  them,  northwest  and  southwest  of  Schroon  Lake 
village  (see  map),  are  large  and  well  located  for  quarrying  purposes. 

The  gabbro  stocks,  especially  those  free  from  mica,  would  fur- 
nish a large  amount  of  hard,  homogeneous  road  material  with  good 
binding  power.  None  of  these  stocks  has  been  quarried,  though 
some  of  them  are  very  favorably  situated  with  reference  to  promi- 
nent highways. 

Rocks  of  the  syenite-granite  series,  particularly  those  portions 
free  from  mica,  also  yield  a good  quality  of  road  material  where 
an  artificial  binder  such  as  tar  is  used.  There  is  practically  no 
limit  to  the  available  quantity  of  such  rocks,  though  only  two  quar- 
ries for  road  material  have  been  opened  in  them.  One  of  these 
(with  a smaller  one  close  by)  is  in  syenite  by  the  state  road  one- 
half  of  a mile  east-northeast  of  South  Schroon,  and  the  other  is 
in  granite  near  the  state  road  one-half  of  a mile  north  of  Mox- 
ham  pond. 

The  quarry  in  the  Little  Falls  (?)  dolomite  in  Schroon  Lake 
village  has  been  operated  for  road  material. 

In  several  places  small  quarries  or  pits  are  located  in  disinte- 
grated, coarse,  crystalline  Grenville  limestone.  This  material,  which 
is  gravelly  and  readily  dug  out,  is  used  for  local  road  repairing. 
Among  such  small  quarries  are  those  near  the  road  one-half  of  a 
mile  southwest  of  Olmstedville,  and  i mile  northwest  of 
Olmstedville. 

Building  Stone 

Building  stones  of  fine  quality  occur  in  practically  inexhaustible 
amounts  within  the  quadrangle.  The  members  of  both  the  anor- 
thosite and  syenite-granite  series  would  rank  as  very  strong,  dur- 
able, often  beautiful  building  stones.  In  a few  places  very  small 
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quantities  have  been  quarried  for  local  purposes,  but  none  has 
been  quarried  for  shipment. 

An  interesting  old  quarry  in  Grenville  crystalline  limestone  is 
situated  miles  northwest  of  the  summit  of  Hayes  mountain 
and  one-fourth  of  a mile  west  of  Minerva  stream  (see  map).  The 
rock  is  a greenish,  more  or  less  mottled,  medium-grained,  crystalline 
limestone  of  the  sort  usually  known  as  “ verde  antique.”  It  con- 
tains serpentinized  pyroxene  and  some  graphite.  Many  years  ago 
the  quarry  was  operated  by  Daniel  Dynch  and  some  of  the  stone 
was  shipped. 
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GLACIAL  GEOLOGY  OF  THE  COHOES 
QUADRANGLE 

BY  JAMES  H.  STOLLER 
INTRODUCTION 

The  period  of  geological  history  known  as  the  Glacial  or 
Pleistocene  Period  and  characterized  by  the  extension  of  a great 
ice  sheet  from  the  region  of  Labrador  southwestward  beyond  the 
boundary  of  the  State  of  New  York  has  its  record  in  the  materials 
left  by  the  ice  and  by  the  flooded  waters  following  the  melting  of 
the  ice. 

This  bulletin  deals  with  the  Pleistocene  geology  of  the  area  of 
the  Cohoes  quadrangle.  The  materials  for  study  consist  in  general 
of  the  mantle  of  clay,  sand,  gravel  and  boulders  that  overlies  bed- 
rock. The  distribution  and  mode  of  arrangement  of  these  materials 
and  the  surface  forms  which  they  exhibit — whether  hills  of  definite 
topographic  features,  terraces  along  the  courses  of  streams,  or 
slopes  bordering  ravines  and  valleys — reveal  the  agencies  which 
brought  these  materials  to  their  present  locations  and  gave  them  their 
present  forms.  To  the  extent  that  the  several  kinds  of  earthly 
materials  occur  in  separate  areas  of  distribution,  the  mapping  of 
the  glacial  deposits  becomes,  in  a general  way,  a survey  of  soils. 
In  the  region  here  reported  upon  the  dependence  of  soil  composition 
upon  geological  origin  is,  over  considerable  portions  of  the  area, 
somewhat  close  and  the  accompanying  map  is  therefore  of  interest 
not  only  from  the  standpont  of  geologic  science  but  also  that  of 
agriculture.  Thus  the  soils  that  originated  as  sediments,  consisting 
of  finely  divided  particles  of  clay  and  sand  deposited  in  bodies  of 
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water  forming  temporary  lakes,  at  the  close  of  the  ice  age,  are  of 
quite  different  character  from  the  unassorted  materials  left  from 
the  melting  ice.  Some  of  the  glacial  deposits  are  also  of  economic 
importance  in  other  ways,  especially  the  clays  extensively  used  for 
making  bricks  and  the  sands  for  building  and  molding  purposes. 

It  may  be  noted  that  in  other  Ways  the  industrial  life  of  the 
people  is  dependent  upon  factors  and  conditions  resulting  from 
the  changes  wrought  upon  the  country  during  the  Ice  Age.  The 
largest  city,  Cohoes,  owes  its  growth  as  a manufacturing  center  to 
the  source  of  power  afforded  by  the  falls  in  the  postglacial  gorge 
of  the  Mohawk  near  its  mouth.  The  villages  of  Schaghticoke  and 
Valley  Falls  are  similarly  related  in  location  and  industry  to  the 
rapids  of  the  Hoosic  river  where  in  its  lower  course  it  has  carved 
a channel  in  rock,  since  the  close  of  the  glacial  period.  A further 
instance  of  the  relation  of  human  interests  to  conditions  deter- 
mined by  glacial  agencies  is  that  of  the  restoration  of  an  extinct 
glacial  lake  — Lake  Tomhannock,  on  the  Cohoes  quadrangele  — in 
order  to  form  a storage  reservoir  for  the  water  supply  of  the  city 
of  Troy. 

The  history  of  the  drainage  of  the  area,  especially  of  the  streams 
tributary  to  the  Hudson,  as  deduced  from  the  facts  gathered  in  the 
present  work,  is  of  exceptional  interest  and  throws  light  on  some 
of  the  larger  problems  of  the  postglacial  history  of  the  Hudson- 
Champlain  valley.  The  data  bearing  on  these  questions  and  a dis- 
cussion of  them  are  given  in  the  body  of  this  report. 

PHYSICAL  GEOGRAPHY  AND  GENERAL  GEOLOGY 

The  Cohoes  quadrangle  is  intersected  by  the  Hudson  river,  which 
enters  the  area  at  about  the  middle  of  the  northern  border  (latitude 
430)  and  flows  southwestward  and  southward  crossing  the  southern 
border  (latitude  420  45')  about  1 mile  above  the  head  of  navigation 
of  the  river  at  Troy.  The  elevation  of  the  river  at  the  northern 
margin  of  the  sheet  falls  between  the  80  and  100  foot  contour  lines 
and  at  the  southern  border  is  less  than  20  feet  above  sea  level.  The 
segment  of  the  Hudson  river  here  included  belongs,  therefore,  to 
the  upper  or  what  may  be  termed  the  river  portion  proper,  in  dis- 
tinction to  the  lower,  or  estuarine  portion,  which  is  within  the 
influence  of  the  ocean  tidal  movements. 

In  considering  the  geology  of  this  portion  of  the  Hudson  valley 
it  is  helpful  to  distinguish  at  the  outset  between  the  preglacial 
valley  which  is  now  largely  filled  with  sand  and  clay  deposits  of 
Pleistocene  age  and  the  present  valley  which  belongs  to  the  recent 
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period,  that  is,  has  been  formed  since  the  time  of  the  subsidence 
of  the  body  of  glacial  waters  in  which  the  sands  and  clays  were 
deposited.  The  preglacial  valley  is  cut  in  rock  and  is  somewhat 
complex  in  form,  consisting  of  a broad  and  open  outer  portion  and 
an  inner  portion  with  steeper  slopes.  The  whole,  as  a physiographic 


Fig.  i.  Diagram  showing  preglacial  topography  of  the  Hudson  valley 


feature,  may  be  described  as  a gorge  within  a valley.  This  ancient 
rock  valley  represents  the  erosive  work  of  the  Hudson  river  in  the 
Cenozoic  (Post-Cretacic)  era  of  geologic  time  and  its  double  form 
is  considered  to  be  the  result  of  an  uplift  of  the  general  region  fol- 
lowing an  earlier  period  of  valley  erosion.  Its  form  and  dimen- 
sions are  now  evidenced  by  outcrops  of  rock  that  occur  near  the 
lateral  border  of  the  clay  and  sand  area  and  by  the  depths  of  the 
ravines  which  have  been  cut  into  the  filling  of  the  ancient  rock 
valley  and  in  places  into  the  underlying  bedrock.  From  these  data 
it  is  shown  that  the  ancient  valley  has  an  average  breadth  of 
between  4 and  5 miles  and  a depth  in  its  middle  portion  of  200 
feet  or  more.  The  width  of  the  inner  valley  or  gorge  is  on  the 
average  about  2 miles : its  depth,  of  course,  is'  the  same  as  that  of 
the  broader  valley. 

The  present  valley  of  the  Hudson,  as  here  considered,  is  the 
broad  depression  on  the  bottom  of  which  the  river  flows  in  a more 
or  less  winding  course  and  the  sides  of  which  are  the  steep  clay 
banks  which  rise  100  feet  or  more  above  the  valley  bottom.  The 
present  valley  lies  within  the  old  rock  gorge,  its  bottom  being  coin- 
cident with  the  middle  portion  of  the  floor  of  the  latter.  The 
present  channel  of  the  river,  however,  in  the  greater  part  of  its 
extent,  is  cut  into  the  floor  of  the  old  gorge,  forming  a shallow 
rock  gorge  representing  the  erosive  work  of  the  river  in  the  recent 
period.  The  present  valley  bottom,  threaded  by  the  channel,  has  a 
width  varying  from  three-fourths  of  a mile  to  one  and  one-half 
miles. 

Where  the  river  enters  the  quadrangle  and  for  several  miles 
southward  this  bottom  is  an  alluvial  plain,  but  from  Stillwater  to 
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the  southern  edge  of  the  sheet  the  valley  bottom  stands  generally 
above  the  level  of  overflow  of  the  present  river  and  its  materials 
are  chiefly  of  glacial  origin  or,  in  large  areas,  of  bared  rock  or 
residual  soils  derived  from  the  rock  in  the  recent  period. 


Fig.  2 Section  across  the  Hudson  valley  showing  present  surface  features 
and  relations  of  Pleistocene  deposits  to  the  underlying  rock  surface.  The 
surface  line  is  drawn  to  scale  along  an  approximately  east-west  line  taken 
about  3 miles  south  of  Mechanicville. 

Rising  from  the  flat  valley  bottom  on  either  side  are  steep  slopes 
or  blufifs,  the  materals  of  which  are  the  stratified  Pleistocene  clays. 
From  the  summit  of  these  bluffs,  extending  outward  from  the  valley, 
are  expanses  of  clay  or  sandy  clay  lands  forming  terraces.  These 
terraces  occur  on  both  sides  of  the  river  at  approximately  cor- 
responding levels,  showing  that  they  are  remnants  of  a continuous 
plain  that  has  been  divided  by  the  erosive  work  of  the  Hudson 
waters. 

At  the  outward  margin  of  these  terraces  the  surface  again  rises, 
in  some  places  rather  abruptly  and  in  other  places  gradually,  form- 
ing a slope  the  rise  of  which  is,  as  a general  average,  about  6o  feet. 
Outward  from  the  summit  of  this  slope  the  surface  again  becomes 
flat  or  moderately  sloping  toward  the  valley  and  extends  north  and 
south  somewhat  as  a bench  or  terrace  normal  to  the  river  valley. 
This  area,  which  will  be  referred  to  in  this  report  as  the  upper 
terrace,  consists  of  soils  in  which  there  is  a larger  proportion  of 
sand  than  in  the  clay  soils  of  the  lower  terrace.  Beyond  the  out- 
ward limit  of  the  upper  terrace  rise  the  uplands  areas,  the  surface 
materials  of  which  consist  chiefly  of  till  or  materials  derived  from 
or  left  by  the  melting  of  the  ice  sheet. 

Within  the  limits  of  the  quadrangle  the  Hudson  receives  its 
largest  tributary,  the  Mohawk  river,  from  the  west ; and  one  of  its 
largest  tributaries  from  the  east,  the  Hoosic  river. 


Plate 


Cohoes  Falls.  View  from  south  bank,  showing  stream  at  low  water  occupying  a narrow  channel  made  by 

pothole  erosion. 
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The  segment  of  the  Mohawk  valley  included  in  the  southwestern 
part  of  the  sheet  belongs  to  the  portion  of  the  river  (from  Aqueduct 
near  Schenectady,  to  its  confluence  with  the  Hudson)  which  occu- 
pies a postglacial  valley.1  The  evidence  of  this  is  that  the  valley 
of  the  river,  for  a distance  of  5 miles  east  of  Aqueduct,  is  a gorge 
cut  into  the  rocks  and  extending  like  a trench  across  the  face  of 
the  country.  There  is  no-  buried  old  valley,  as  in  the  case  of  the 
Hudson,  lying  outside  the  present  valley.  These  features,  which 
are  well  marked  in  the  upper  portion  of  the  preglacial  valley,  are 
considerably  modified  in  the  lower  portion.  The  course  of  the 
stream  becomes  irregular,  the  valley  broadens  and  its  slopes  are 
less  steep.  These  differences  are  due  in  part,  especially  in  the 
segment  of  the  valley  falling  within  the  Cohoes  sheet,  to  structural 
features  of  the  underlying  rocks  which  here  have  their  strata 
steeply  inclined,  dipping  to  the  east,  and  in  part  to  the  fact  that  the 
Mohawk  here  enters  the  region  of  the  old  eroded  rock  valley  of 
the  Hudson.  The  river  has,  however,  lowered  its  bed  into  the  floor 
of  the  rock  valley  and  in  the  last  3 miles  of  its  course  occupies  a 
rock  gorge.  This  portion  of  the  river  is  marked  by  the  well-known 
falls  at  Cohoes. 

On  the  north  (northeast)  side  of  the  river,  stretching  back  from 
the  summit  of  the  gorge  there  is  an  area,  several  square  miles  in 
extent,  consisting  of  rock  with  a thin  covering  of  clayey  soil.  This 
area  has  evidently  been  swept  by  the  currents  of  the  Mohawk  when 
the  river  flowed  at  a level  about  80  feet  higher  than  its  present  bed, 
above  the  falls.  The  Pleistocene  clays  were  removed  and  sub- 
sequently the  existing  clays  were  formed  as  a residuum  from  the 
weathering  of  the  exposed  rock  surface.  On  the  south  side  of  the 
gorge  only  a narrow  strip  of  the  Pleistocene  clays  was  removed  by 
river  erosion  and  the  surface  topography  of  the  clay  formation 
exhibits  terraced  forms,  normal  to  the  Hudson  valley,  as  above 
described.  See  figure  7,  page  36. 

About  three-fourths  of  a mile  below  the  falls  at  Cohoes  the 
Mohawk  waters  divide  into  several  divergent  streams  which  enter 
the  Hudson  by  as  many  channels,  thus  forming  a group  of  rock 
islands.  These  multiple  mouths  of  the  Mohawk  are  interpreted  as 
originally  delta  distributaries  which  became  intrenched  in  the  under- 
lying weak  rocks  after  the  removal  of  the  delta  deposits  from  their 
beds  by  erosion. 

1 Stolier.  Glacial  Geology  of  the  Schenectady  Quadrangle.  N.  Y.  State 
Mus.  Bui.  154,  p.  11. 
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The  Hoosic  river,  which  has  its  sources  on  the  western  slopes  of 
the  mountainous  region  of  the  New  York-New  England  border, 
enters  the  quadrangle  in  the  northeastern  quarter  of  the  sheet  and 
flows  in  a meandering  course  westward  and  northward,  discharging 
into  the  Hudson  at  the  head  of  the  rock  channel  at  Stillwater.  The 
• river  valley  except  for  a short  length  west  of  Johnsonville,  is  every- 
where bordered  by  deposits  of  sands  and  gravel.  Westward  from 
Schaghticoke  the  river  penetrates  an  immense  mass  of  fine  gravels 
and  coarse  sands  which  clearly  originated  as  a delta  built  by  the 
river  into  the  body  of  waters  that  occupied  the  Hudson  valley  in 
late  glacial  times.  The  delta  formation  is  of  the  characteristic 
triangular  shape  and  at  its  base,  fronting  the  Hudson  valley,  has  a 
breadth  of  about  J miles.  Its  areal  extent  may  be  estimated  at  20 
square  miles. 

In  its  course  through  the  delta  the  present  river  is  flanked  by  a 
series  of  terraces  which  rise  at  successively  higher  levels  to  the 
general  summit  level  of  the  Pleistocene  clays  of  the  Hudson  valley. 
A fuller  description  of  the  Hoosic  delta,  together  with  a discussion 
of  its  development  and  that  of  the  system  of  terraces,  will  be  given 
further  on  in  this  report. 

A valley  of  exceptional  interest  from  the  standpoint  of  Pleisto- 
cene history  is  that  which  enters  the  Hudson  valley  from  the  west 
at  Mechanicville.  It  is  occupied  by  a small  stream,  Anthony  kill, 
which  in  its  present  size  is  quite  out  of  proportion  to  the  breadth 
and  depth  of  the  valley.  Anthony  kill  is  the  outlet  of  Round  lake 
(see  map,  p 46)  which  in  turn  receives  the  outlet  stream  of  Balls- 
ton  lake,  the  latter  lying  at  the  bottom  of  a preglacial  channel  that 
communicates  with  the  valley  of  the  Mohawk  east  of  Schenectady. 
There  is  quite  conclusive  evidence1  that  in  late  glacial  times  waters 
from  the  flooded  Mohawk  river  coursed  through  this  system  of 
channels,  discharging  into  the  waters  of  the  Hudson  valley  at 
Mechanicville.  At  a later  time  the  Mohawk  became  established  in 
its  present  course,  and  Anthony  kill,  draining  the  old  channel  as 
far  back  as  the  divide  at  the  head  of  Ballston  lake,  is  the  shrunken 
remnant  of  the  much  larger  stream  through  whose  erosive  work 
the  present  relatively  large  valley  was  formed. 

As  in  the  case  of  the  Mohawk  river,  Anthony  kill,  entering  the 
Hudson  from  the  West,  runs  athwart  the  ancient  rock  valley  of  the 
Hudson.  From  Willow  Glen  eastward  the  floor  of  the  valley  is 


1 Stoller.  Op.  cit.  p.  29-31 ; Fairchild.  Pleistocene  Uplift  of  New  York 
and  Adjacent  Territory.  Bui.  Geol.  Soc.  of  Amer.,  27:251. 


GLACIAL  GEOLOGY  OF  THE  COHOES  QUADRANGLE 


II 


rock  with  a slope  to  the  east  of  80  feet  in  a distance  of  2 miles. 
This  is  a part  of  the  old  valley  floor,  though  now  reduced  by 
erosion. 

In  somewhat  sharp  contrast  to  the  system  of  valley  depressions 
thus  far  described  are  the  uplands  portions  of  the  quadrangle.  The 
uplands,  as  here  referred  to,  stood  above  the  level  of  inundation  by 
the  glacial  waters  and  are  clearly  marked  off  from  the  area  covered 
by  waters  both  in  respect  to  topographic  features  and  the  materials 
of  which  the  soils  are  composed.  The  Pleistocence  deposits  filling 
the  valley  depressions,  although  now  trenched  by  the  great  river 
courses  and  ravined  by  the  minor  streams,  still  represent,  especially 
where  deltas  have  been  developed,  the  general  level  of  the  body  of 
waters.  in  which  they  were  laid  down.  The  uplands  stand  out  in 
marked  relief  above  this  level.  This  contrast  is  very  striking  in 
the  field  when  one  stands  at  a point  commanding  a view  of  the  two 
topographic  regions. 

The  surface  of  the  uplands  is  in  general  highly  irregular.  This 
is  due  primarily  to  the  structure  of  the  underlying  rocks  and  to 
the  effects  of  differential  erosion  upon  the  rock  surfaces  in  pre- 
glacial times.  The  rocks  are  shales  and  sandstones  of  the  Cambric 
and  Ordovicic  series  and  possess  the  folded  structure  and  altera- 
tions due  to  metamorphism  common  to  these  rocks  as  they  occur 
in  the  Hudson  valley  region.  The  strike  of  the  folds  is  in  a general 
north-south  direction  and  this  gives  to  many  of  the  hills  an  elon- 
gated form,  with  long  axes  trending  north  and  south.  Two  of  the 
highest  elevations,  Rice  mountain  and  Mount  Rafinesque,  in  the 
middle  portion  of  the  southern  third  of  the  quadrangle,  are,  how- 
ever, of  irregular,  massive  form.  The  highest  elevation  of  surface 
is  near  the  southeastern  corner  of  the  sheet  where  a ridge  of 
steeply  inclined  strata  attains  the  height  of  1265  feet. 

The  surface  of  the  uplands  bears  evidence  of  considerable  modifi- 
cation by  ice  agencies.  Many  of  the  hills  which  show  exposures  of 
rock  have  somewhat  even  and  smoothed  outlines  indicating  the 
effect  of  abras;.on  by  moving  ice.  In  many  cases  the  more 
smoothed  surfaces  face  north,  indicating  the  wear  of  the  rock  on 
the  side  from  which  the  ice  approached.  In  some  instances  low 
hills  of  topographic  form  approaching  that  of  drumlins  are  found 
to  be  reduced  rock  hills,  partly  covered  by  glacial  till.  The  group 
of  hills  west  of  the  Saratoga  battlefield  near  the  northern  edge  of 
the  sheet  is  of  this  character. 

In  general,  the  minor  topographical  aspects  of  the  surface  of 
the  uplands  are  due  to  deposts  of  glacial  origin,  a description  of 
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which  is  given  below.  Thece  deposits  form  a mantle  everywhere 
overlying  bedrock,  except  where  ridges  and  masses  of  rock  pro- 
trude through  the  covering.  The  relief  is  that  of  a region  in  the 
mature  stage  of  erosion  but  with  irregularities  of  surface  some- 
what reduced  by  ice  abrasion  and  by  deposits  of  Pleistocene  and 
recent  age. 

The  drainage  of  the  uplands  region  is  mainly  through  small 
streams  that  flow  directly  to  the  Hudson  or  to  the  tributary  rivers, 
named  above.  The  streams  that  discharge  into  the  Hudson  show 
interesting  changes  in  the  character  of  their  valleys  as  they  pass 
from  the  uplands  areas  and  cross  the  clay  and  sand  formation.  In 
their  upper  courses  the  streams  are  adjusted  to  the  slopes  of  the 
surface  and  to  underlying  rock  structure  and  they  wind  between  the 
hills  in  open  valleys,  but  as  they  debouch  upon  the  plain  of  the  clay 
and  sand  deposits  their  courses  become  more  direct  and  their  val- 
leys narrower  and  deeper,  forming  ravines.  It  is  probable  that  in 
their  upper  courses  the  streams  occupy  mainly  preglacial  valleys 
while  obviously  the  ravines  have  been  formed  in  postglacial  times, 
that  is,  since  the  withdrawal  of  the  waters  in  which  the  clays  and 
sands  were  deposited. 

The  largest  stream  of  the  uplands  region  is  Tomhannock  creek, 
which  has  its  rise  near  the  southeastern  corner  of  the  quadrangle 
and  flows  northerly,  emptying  into  the  Hoosic  river  about  3 miles 
from  its  mouth.  In  the  upper  and  again  in  the  middle  part  of  its 
course  this  stream  follows  broad  depressions  of  surface  which  are 
the  beds  of  extinct  lakes.  In  its  lower  course  it  penetrates  the 
Hoosic  delta.  A fuller  statement  of  the  steps  of  glacial  history 
recorded  in  these  physiographic  features  is  given  later. 

DESCRIPTION  AND  INTERPRETATION  OF  THE 
DEPOSITS 

Till  or  ground  moraine.  Till  or  rock  debris  derived  from  the 
ice  sheet,  whether  left  from  the  bottom  or  deposited  from  the  ice 
at  the  time  of  melting,  forms  the  mantle  of  materials  overlying  the 
bedrock  generally.  In  the  uplands  it  constitutes  the  greater  part 
of  the  body  of  soils  and  subsoils  but  in  the  great  valley  depressions  it 
is  covered  by  the  lacustrine  clays  and  sands,  except  where  the  latter 
have  been  swept  away  by  stream  erosion.  It  includes  all  rock  frag- 
ments derived  from  the  ice  of  whatever  size,  from  boulders  to  grains 
of  sand  and  particles  of  clay. 
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The  boulders  are  nearly  all  of  rock  different  from  the  underlying 
country  rock,  showing  that  they  were  brought  by  the  ice  from 
regions  lying  to  the  north.  But  the  finer  parts  of  the  till  include 
many  bits  of  the  local  rock  and  there  is  everywhere  a noticable 
correspondence  between  the  predominant  mineral  elements  of  the 
till  and  those  of  the  nearby  exposures  of  the  underlying  rocks.  As 
the  country  rocks  of  the  region  are  largely  shales  (slates),  they 
give  to  the  soil  a predominantly  clayey  character.  It  is  in  general 
well  adapted  to  agricultural  purposes. 

The  thickness  of  the  till  varies  greatly  in  different  parts  of  the 
area.  Near  the  summit  of  the  main  rock  ridges  and  masses  the 
till  sheet  is  generally  thin  and,  as  noted  above,  there  are  frequent 
exposures  of  bare  rock.  In  places  these  exposed  rocks  have  under- 
gone decomposition  to  a considerable  extent,  and  the  residual  prod- 
ucts, having  fallen  or  having  been  washed  from  the  slopes  of  the 
rock  surfaces,  are  added  to  the  materials  of  the  till. 

In  the  valleys  and  depressions  between  the  rock  hills  the  till  is 
in  general  thicker  than  on  the  tops  and  sides  of  the  hills.  This 
may  be  due  in  part  to  the  valleys  having  been  occupied  by  the  ice 
for  a longer  time  than  the  hilltops  or  to  a relatively  greater  amount 
of  till  having  been  originally  lodged  in  the  valleys,  but  it  is  probably 
also  due  to  removal  of  till  from  the  hills  by  washing.  The  occur- 
rence of  boulders  resting  on  the  exposed  rock  of  the  hills  is  evidence 
of  this,  the  finer  materials  of  the  till  having  been  washed  away. 

In  contrast  with  rock  hills  veneered  by  till  are  those  hills  which 
are  apparently  made  up  wholly  of  till.  Many  of  the  low  hills,  and 
some  of  larger  proportions,  are  of  this  character.  The  most 
noticeable  one  is  that  southeast  of  Sbuth  Easton,  marked  by  a 
depression  contour  on  its  western  slope.  As  far  as  could  be  deter- 
mined by  inspection,  the  materials  of  this  hill  are  till  and  the  depres- 
sion is  due  to  irregularity  of  heaping  of  the  debris  derived  from 
the  ice.  Another  hill  apparently  composed  wholly  of  till  is  that 
north  of  Crandall  Corners  and  crossed  by  the  road.  This  is  of  the 
type  of  a drumlin.  An  interesting  drumlin  is  that  which  occurs  on 
the  floor  of  the  Hudson  valley,  east  of  the  river  and  directly 
opposite  Bemis  Heights.  It  stands  as  a conspicuous  oval  hill, 
strewn  with  cobbles  and  boulders,  rising  above  the  level  of  the 
alluvial  plain.  It  is  evident  that  this  hill  was  once  covered  with 
lacustrine  clays  and  that  when  the  latter  were  swept  away  by 
flooded  stream  erosion,  the  mere  resistant  materials  of  the  hill 
remained. 
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Hills  of  Sand  and  Gravel.  Kames.  In  the  uplands  region  there 
are  a number  of  isolated  groups  of  hills,  composed  mainly  of  sands 
and  gravel  and  presenting  the  characteristic  features  of  kame  topo- 
graphy. Their  locations  are  shown  on  the  accompanying  map.  The 
largest  of  these  kame  areas  lies  northward  from  the  valley  of  the 
eastern  branch  of  Tomhannock  creek  and  near  the  village  of  that 
name.  The  surface  of  this  area,  made  up  of  hills  and  hollows  of 
irregular  shapes  and  without  order  of  arrangement,  is  conspicuously 
different  from  that  of  the  surrounding  country,  the  features  of 
which  are  largely  controlled  by  the  underlying  rock  surfaces.  Many 
of  the  hills  have  steep  slopes  and  a degree  of  evenness  of  front  that 
indicates  deposition  of  the  sand  and  gravel  materials  against  a 
stationary  mass  of  ice. 

These  groups  of  hills  are  interpreted  as  recessional  moraines, 
marking  a temporary  cessation  of  retreat  of  the  general  ice  sheet  at 
the  time  of  melting  in  the  localities  where  the  heaps  of  debris  occur. 
In  the  case  of  the  moraine  iust  described  it  seems  probable  that  its 
development  was  incident  to  the  slower  melting  of  the  thick  ice 
that  filled  the  preglacial  valley  now  followed  by  the  creek.  There 
is  evidence  that  the  moraine  originally  extended  farther  south 
across  the  valley  and  that  it  has  been  reduced  at  its  southern  edge 
by  stream  erosion,  the  finer  materials  having  been  carried  by  the 
stream  to  glacial  Lake  Tomhannock,  there  building  a delta,  as 
described  below. 

Ridges.  In  a number  of  localities  there  were  observed  accumu- 
lations of  sand  and  gravel  with  admixture  of  clay  and  fragments 
of  slate  rock  having  the  general  topographic  form  of  ridges.  In 
some  of  them,  as  the  one  near  Melrose  and  that  north  of  Speigle- 
town,  the  materials,  as  exposed  in  gravel  pits,  show  a stratified 
arrangement.  The  location  of  these  ridges  (see  map)  presents  a 
certain  uniformity;  that  is,  they  are  all  located  on  the  uplands  but 
within  a short  distance  from  the  clay  and  sand  deposits  of  the 
Hudson  valley.  Their  elevation  above  the  latter  varies  from  20  to 
60  feet.  The  direction  of  the  ridges  is  in  general  parallel  with  that 
of  the  edge  of  the  valley  deposits. 

The  inference  drawn  from  these  data  is  that  these  ridges  repre- 
sent deposits  made  marginal  to  the  lobe  of  ice  that  occupied  the 
Hudson  valley  after  the  disappearance  of  the  general  ice  sheet  from 
the  uplands.  A fuller  statement  of  the  evidence  of  the  persistence 
of  an  ice  lobe  in  the  Hudson  valley  long  after  the  melting  of  the 
ice  from  the  uplands  will  be  given  later  in  this  report.  It  is  believed 
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that  in  places  accumulations  of  materials  from  the  melting  of  the 
ice  lobe  at  its  margins  gave  rise  to  lateral  morainic  deposits,  thus 
forming  these  ridges. 

Glacial  lakes.  In  the  middle  eastern  and  southeastern  rec- 
tangular divisions  of  the  Cohoes  sheet  there  are  two  elongated 
tracts  conspicuous  by  their  flatness  as  contrasted  with  the  highly 
irregular  surface  of  the  uplands  country  surrounding  them.  The 
more  northerly  of  these  tracts,  or  intervales,  extending  from  near 
Raymertown  northwesterly  and  having  a length  of  about  5 miles 
and  an  average  breadth  of  about  one-half  of  a mile,  has  recently 
been  converted  into  a reservoir  for  the  public  water  supply  of  the 
city  of  Troy.  This  was  accomplished  by  constructing  a dam  across 
Tomhannock  creek  at  the  place  where  this  stream,  after  following 
in  meandering  course  the  length  of  the  flattened  area,  entered  a 
gorge  about  1 mile  south  of  East  Schaghticoke. 

Lake  Tomhannock.  There  is  quite  conclusive  evidence  that  this 
area,  now  an  artificial  lake,  was  in  early  postglacial  times  a natural 
lake.  The  stream  that  flows  past  the  village  of  Tomhannock  built 
a delta  in  this  postglacial  lake  which  now  shows  quite  perfectly  as 
a sand  and  gravel  bench  or  terrace  at  the  400-foot  level  and  border- 
ing that  arm  of  the  artificial  lake  which  extends  northeasterly 
toward  Tomhannock.  The  materials  of  the  terrace  are  well 
exposed  in  road  gradings  and  show  horizontal  stratification. 

It  is  believed  that  this  glacial  lake  (which  may  be  named  Lake 
Tomhannock)  originated  through  the  gathering  of  waters  in  an 
old  stream  valley  across  the  course  of  which  a dam  was  formed  by 
deposits  from  the  ice  sheet.  This  preglacial  stream  flowed  north- 
westerly from  near  Raymertown  and  then  southwesterly  toward 
Melrose  and  the  glacial  dam  was  formed  in  the  latter  portion  of 
the  stream  course  and  near  where  at  present  the  divide  at  the  400- 
foot  level  occurs.  For  a time  the  waters  of  the  glacial  lake,  held 
back  by  the  ice  front,  overflowed  the  dam  and  the  lake  had  its  out- 
let in  the  stream  that  flows  southwesterly  past  Melrose  to  the 
Hudson  river. 

When  the  ice  front  had  retreated  as  far  north  as  the  plain  south 
of  East  Schaghticoke,  a lower  outlet  for  Lake  Tomhannock  was 
afforded  in  the  line  of  its  present  course.  The  outflow  stream  thus 
established  degraded  its  bed  and  eventually  the  waters  of  the  lake 
were  drained  off. 

The  other  intervale,  farther  to  the  south,  also  marks  an  extinct 
glacial  lake.  This  tract  continues  southward  on  the  Troy  sheet  and 
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this  southern  extension  is  drained  by  Quacken  kill  which  joins 
Poesten  kill,  the  latter  stream  discharging  into  the  Hudson  river 
at  Troy.  It  is  inferred  that  in  preglacial  times  a stream  heading 
near  Raymertown  flowed  southward,  developing  the  valley  which 
now  forms  the  intervale  area  and  that  at  the  close  of  the  Ice  Age 
a barrier  of  glacial  deposits  was  left  across  this  valley  at  the  place 
where  the  divide  now  occurs,  about  ij4  miles  from  the  edge  of  the 
sheet.  Waters  were  ponded  north  of  this  barrier  and  this  glacial 
lake  had  its  outlet  in  a stream  that  flowed  past  Raymertown  and 
emptied  into  Lake  Tomhannock.  This  outlet  stream  had  a fall  of 
ioo  feet  and,  through  downcutting,  the  lake  was  finally  drained  off. 
The  axis  of  drainage  of  the  two  glacial  lakes  thus  led  to  the  exten- 
sion of  Tomhannock  creek  southward  to  its  present  source. 

A chain  of  small  glacial  lakes  occupying  depressions  in  the  gen- 
eral surface  of  the  country  developed  in  the  region  southwest  of 
Rice  mountain  beginning  south  of  Haynersville.  These  were 
eventually  drained  away  by  Deep  kill,  which  has  cut  a deep  gorge 
on  the  eastern  flank  of  the  mountain.  On  the  map  two  of  these 
areas  have  been  designated  as  extinct  lakes  and  the  others  as 
swamps,  the  latter  being  partially  covered  with  standing  water. 

Lake  Hoosic.  There  is  quite  good  evidence  that  a temporary 
glacial  lake  existed  in  that  portion  of  the  Hoosic  valley  crossed  by 
the  eastern  margin  of  the  sheet.  North  of  the  river  there  is  a 
plain,  traversed  by  Whiteside  brook,  the  materials  of  which  are 
sand  and  fine  gravel.  They  are  distinctly  stratified  in  arrange- 
ment as  shown  in  cuts  along  the  Greenwich  and  Johnsonville  Rail- 
road. The  general  elevation  of  this  plain  is  420  feet.  South  of  the 
river  in  the  neighborhood  of  Johnsonville  the  surface  materials  are 
of  sand  and  gravel  character  and  in  places  rise  to  about  the  same 
level  as  the  plain  opposite. 

It  is  believed  that  these  deposits  represent  a glacial  lake,  the 
waters  of  which  gathered  behind  a dam  across  the  preglacial  Hoosic 
valley  made  by  drift,  or  deposits  from  the  ice  sheet.  About  a mile 
below  Johnsonville  till  rises  from  the  left  bank  of  the  river  to  the 
440-foot  level  and  on  the  opposite  side  there  is  a hill  of  till  420  feet 
in  elevation.  The  latter  hill  slopes  toward  the  river,  the  stream 
curving  at  its  base.  It  is  inferred  that  a mass  of  till  of  which  these 
hills  are  remnants  originally  extended  across  the  valley  forming  a 
dam  behind  which  the  waters  were  held  in  check,  converting  this 
portion  of  the  valley  into  a temporary  lake. 
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THE  LAKE  ALBANY  DEPOSITS 

The  body  of  glacial  waters  in  which  the  stratified  clays  of  the 
upper  Hudson  valley  were  deposited-  was  named  by  Woodworth 
Lake  Albany.  He  limited  the  extent  of  Lake  Albany  to  the  waters 
represented  by  the  deposits  extending  from  near  Rhinebeck  on  the 
south  to  the  Fort  Edward  district  on  the  north1  (north  of  the  Cohoes 
quadrangle).  In  his  view,  the  gathering  of  the  waters  of  Lake 
Albany  was  pari  passu  with  the  melting  of  the  ice  sheet  in  its  retreat 
northward  in  the  middle  Hudson  valley. 

Another  view  is  that  the  deposits  are  estuarine,  having  been  laid 
down  in  the  sea-level  waters  which  extended  as  an  inlet  up  the 
Hudson  valley  from  the  ocean  at  New  York.2 

Fairchild  has  stated  the  conclusion  that  the  body  of  waters  in 
which  the  Hudson  valley  clays  and  sands  were  deposited  was  at 
sea  level  and  at  its  highest  development  formed  a strait  connecting 
the  oceanic  waters  which  then  occupied  the  St  Lawrence  valley 
with  the  ocean  at  New  York.  “As  the  ice  front  melted  back  the 
ocean  followed  it  and  flooded  the  valley.  The  waters  were  at  first 
the  Hudson  inlet;  later,  the  Hudson-Champlain  inlet;  and  finally, 
the  Hudson-Champlain  strait.”3 

In  this  report  we  shall  refer  to  the  waters  as  Lake  Albany, 
though  without  implication  as  to  the  correctness  of  the  first  men- 
tioned of  the  above  interpretations.  We  shall,  however,  below  call 
attention  to  certain  facts  of  topography  which  seem  to  afford  clear 
proof  that  the  body  of  waters  in  question  subsided  (that  is, 
dwindled  to  a river)  while  drainage  from  the  great  interior  lakes 
( Algonquin-Iroquois  stage)  was  still  through  the  Mohawk  valley. 
The  inference  is  that  Lake  Albany  disappeared  prior  to  the  opening 
of  the  St  Lawrence  channel  (as  due  to  ice  melting)  ; that  is  to  say, 
prior  to  the  invasion  of  marine  waters  in  the  St  Lawrence  basin. 

The  writer  would  also  state  that  in  this  report  the  term  “ sub- 
sidence ” is  used  as  pertaining  to  the  fact  of  the  withdrawal  of  the 
Lake  Albany  waters  but  without  implication  as  to  whether  the 

1 Ancient  Water  Levels.  N.  Y.  State  Mus.  Bui.  84,  p.  177  and  242,  1905. 

2 Merrill,  Quaternary  Geology  of  the  Hudson  River  Valley.  10th  Annual 

Rep’t  of  the  State  Geol.,  1890.  Peet,  Glacial  and  Postglacial  History  of  the 
Hudson  and  Champlain  Valleys.  Journal  of  Geol.,  12:640.  1904.  This 

author  considers  two  alternation  hypotheses:  (1)  the  water  body  was  a lake 
made  by  a barrier  at  the  south,  (2)  the  water  body  was  an  arm  of  the  sea. 

3 Fairchild.  Ann.  Rep’t  of  N.  Y.  State  Geol.  1912,  p.  24. 
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cause  of  the  subsidence  was  the  removal  of  a barrier  at  the  south 
which  held  in  the  waters  or  to  regional  uplift. 

The  Lake  Albany  deposits  comprise  (i)  the  mass  of  stratified 
clays  and  sands  whose  surface  forms  the  terraced  slopes  of  the 
Hudson  valley  and  (2)  the  sands  and  gravels  of  the  Hoosic  delta. 

The  clay  and  sand  formation,  as  already  stated,  forms  the  filling 
of  the  ancient  rock  valley  of  the  Hudson.  The  lower  beds  of  the 
formation  consist  predominantly  of  clay  and  are  the  source  of  the 
well-known  brick  clays  of  the  upper  Hudson  region.  As  seen  in 
the  pits  at  the  brick-making  plants,  the  clays  are  fine  grained, 
evenly  laminated  and  of  a bluish  color  below  passing  to  yellowish 
above.  As  exposed  in  mass  at  the  slopes  fronting  the  river  valley 
or  along  the  ravines,  the  weathered  surfaces  are  of  a buff  or 
yellowish  color.  The  compact  clays  make  up  perhaps  the  lower 
100  feet  of  the  formation,  above  which  they  grade  into  sand,  clays 
or  clayey  sands.  The  latter,  in  certain  localities  (as  1 mile  south- 
west of  Mechanicville)  have  the  composition  requisite  for  mold- 
ing sands. 

Farther  back  from  the  river  the  materials  of  the  Lake  Albany 
deposits  are  coarser  and  consist  more  largely  of  sands.  In  places, 
however,  the  clay  constituent  still  predominates  and  there  are 
tracts  of  considerable  extent  at  or  near  the  300-foot  level,  as  west 
of  Melrose,  where  the  lands  are  of  clayey  character. 

The  surface  of  the  clay  and  sand  formations  is  marked  by  strik- 
ing topographic  features.  These  are  (1)  the  terraces  of  which  an 
upper  and  a lower  are  distinguished  and  (2)  the  ravines  which 
cross  the  terraces,  dividing  them,  especially  the  lower  one,  into 
segments. 

The  upper  terrace  is  less  well  defined  than  the  lower.  In  places 
(as  west  of  Cohoes  and  southwest  of  Mechanicville)  it  appears  as 
a nearly  level  expanse,  one-half  of  a mile  or  more  in  breadth, 
bordered  at  its  outward  side  by  a slope  toward  the  uplands  and  at 
its  side  toward  the  river  by  a more  gradual  slope  to  the  level  of  the 
lower  terrace.  This  description  applies  generally  also  to  the  upper 
terrace  on  the  east  side  of  the  valley  as  it  appears  north  of  Crandall 
Corners  and  northwest  of  Melrose.  In  other  places  (as  west  of 
Stillwater)  the  upper  terrace  is  less  perfectly  expressed,  being 
narrower  and  with  surface  falling  toward  the  river.  In  places, 
also,  as  at  the  Saratoga  battlefield,  the  level  of  the  terrace  is  broken 
by  hills  of  till  (or  till-covered  rock  hills)  which  rise  above  the 
lacustrine  deposits.  East  of  Lansingburg  the  upper  terrace  (as  also 
the  lower)  disappears  as  a distinct  form  feature,  the  steep  rock 
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wall  of  the  valley  here  controlling  the  topography.  These  modifi- 
cations of  the  terrace  form  (apart  from  the  effects  of  underlying 
rock  features)  are  clearly  due  in  part  to  postglacial  erosion  but 
probably  in  larger  part  to  the  conditions  under  which  the  materials 
were  laid  down. 

DEVELOPMENT  OF  THE  UPPER  TERRACE 

It  is  believed  that  the  sands  and  clays  of  the  upper  terrace  were 
in  large  part  laid  down  at  that  stage  of  the  melting  of  the  ice  when 
the  uplands  had  been  bared,  while  a broad  lobe  of  ice  still  lingered 
in  the  Hudson  valley.  In  the  lateral  depressions,  between  the 
central  mass  of  ice  and  the  bared  slopes  of  the  valley,  waters 
gathered  and  flowed  southward  discharging  into  the  open  lake 
waters  along  the  dwindling  southern  limit  of  the  ice  lobe.  These 
currents  bore  sediments  partly  derived  from  the  debris  of  the 
melting  ice  and  partly  received  from  the  tributary  streams  draining 
the  bordering  uplands.  The  finer  parts  of  these  sediments  were 
deposited  mainly  where  the  currents  were  checked  by  the  quiet 
waters  of  the  lower  end  of  the  marginal  channel,  or  embayment 
between  the  ice  lobe  and  the  shore  of  the  lake.  The  coarser 
materials  were  deposited  in  the  bed  of  the  channels.  Also  as  the 
latter  shifted  in  position,  due  to  the  shrinking  of  the  lobe  of  ice, 
the  deposits  were  made  progressively  farther  inward  from  shore. 
In  this  way  the  accumulations  acquired  the  form  of  a shoal  plat- 
form with  face  sloping  toward  the  middle  of  the  lake.  With  the 
subsidence  of  the  lake  waters,  at  a later  time,  the  shoal  became  a 
terrace  of  similar  slope.  (See  fig.  3,  page  22.)  At  times  bodies  of 
comparatively  static  waters  were  held  in  portions  of  the  lateral 
depressions  conforming  to  topographic  features  of  the  adjoining 
slopes  and  to  irregularities  of  the  ice  border.  When  tributary 
streams  from  the  uplands  discharged  into  these  quiet  waters  depo- 
sition took  place,  forming  deltas.  With  the  subsidence  of  the 
waters,  at  a later  time,  these  deltas  emerged  as  terraces  of  more  even 
and  level  surfaces  than  those  described  in  the  preceding  paragraph. 
It  is  believed  that  an  example  of  a terrace  form  developed  in  this 
way  is  the  flat  area  northwest  of  Melrose  at  the  300-foot  level  at 
its  outer  border. 

On  the  north  side  of  the  Mohawk  river  and  both  north  and  south 
of  Anthony  kill  the  plain  of  the  upper  terrace  becomes  continuous 
with  that  of  Lake  Albany  deposits  bordering  these  streams  and 
extending  westward  to  the  general  sand  plain  region  of  the  Schenec- 
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tady  quadrangle.  The  terrace  surface,  in  these  westward  exten- 
sions, shows  a gradual  increase  in  elevation. 

The  general  or  average  elevation  of  the  upper  terrace  may  be 
stated  as  300  feet.  For  the  most  part  the  300-foot  contour  line  of 
the  sheet  marks  the  outer  border  of  the  terrace  plain,  although,  in 
places,  the  lacustrine  deposits  rise  to  a higher  level.  As  a rule  no 
definite  line  of  contact  of  the  clays  and  sands  with  the  till  of  the 
uplands  can  be  observed  in  the  field,  and  in  mapping  this  boundary 
has  been  drawn  somewhat  arbitrarily.  As  pointed  out  by  Fair- 
child,1  the  summit  level  of  the  body  of  glacial  waters  was  often 
higher  than  the  plain  of  the  deposits  built  into  it.  In  the  Lake 
Albany  waters  the  deltas  formed  at  the  mouths  of  the  larger 
streams,  now  represented  by  extensive  sand  plains,  as  that  south 
of  Schenectady  (Mohawk  delta),  north  of  Ballston  (Hudson  delta) 
and  that  of  the  Hoosic  delta,  described  below,  probably  indicate 
closely  the  height  of  the  lake  waters.  (Present  differences  in  ele- 
vation are  to  be  accounted  for  by  postglacial  deformation.)2  But 
the  deposits  made  in  Lake  Albany,  other  than  the  great  deltas, 
were  not  usually  built  up  to  water  level.  Thus  the  plain  of  the 
Hoosic  delta  near  its  head,  as  in  the  broad  expanse  northwest  of 
Schaghticoke,  stands  340  to  360  feet  elevation,  while  the  upper 
terrace  which  extends  northward  from  the  delta  has  an  elevation 
of  320  feet.  This  difference  is  interpreted  as  due  to  a less  amount 
of  deposition  taking  place  in  the  marginal  channels,  in  the  early 
stages  of  the  development  of  the  lake,  as  above  described,  than  at 
the  mouth  of  the  large  rivers,  at  the  later  stage  when  the  deltas 
were  built.  Also  differences  in  elevation  of  the  upper  terrace  in 
different  localities  are  understood  as  due  primarily  to  differences 
in  amount  of  sedimentation. 

The  lower  terrace  is  a quite  definite  topographic  feature.  On  the 
west  side  of  the  river  it  is  continuous  front  the  northern  to  the 
southern  margin  of  the  sheet,  except  as  broken  by  the  numerous 
ravines  that  cross  it  and  where,  in  the  localities  of  Mechanicville 
and  Waterford,  broad  stretches  of  the  terrace  were  swept  away  by 
the  flooded  Mohawk  waters  of  late  glacial  times.  On  the  east  side 
of  the  river  the  terrace  shows  as  a distinct  form  feature  except 
where  interrupted  by  the  Hoosic  delta  and  by  the  steep  rock  wall 
of  the  Valley  at  Lansingburgh.  The  terrace  is  best  developed  in 
the  middle  part  of  the  sheet  where  it  attains  a breadth  on  each 

1 Bui.  Geol.  Soc.  of  Amer.,  27 1239. 

2 Stoller.  Glacial  Geology  of  the  Saratoga  Quadrangle.  N.  Y.  State  Mus. 
Bui.  183. 
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side  of  the  valley  of  a mile  or  more.  These  terrace  plains  form 
evident  and  striking  features  of  the  landscape.  In  the  field,  to  the 
observer  lookng  north  and  south  and  ignoring  the  depressions  of 
the  gullies,  the  terrace  surface  appears  as  one  level  expense;  or, 
looking  across  the  valley,  as  a bench  broken  by  the  ravines  and 
with  the  upper  terrace  slope  and  plain  and  the  rising  hills  of  the 
uplands  in  the  background. 

DEVELOPMENT  OF  THE  LOWER  TERRACE 

The  conditions  under  which  the  lower  terrace  was  developed  are 
believed  to  be  as  follows : With  the  disappearance,  through  melt- 

ing, of  the  ice  lobe  from  the  Hudson  valley,  the  middle  portion  of 
the  valley  became  the  seat,  of  sedimentation.  It  had  already 
received  debris  derived  from  the  melting  of  the  ice  lobe,  together 
with  some  accessions  of  finer  sediments  borne  by  the  currents  flow- 
ing in  the  marginal  channels  and  checked  by  the  quiet  waters  of 
the  embayments  lateral  to  the  terminal  portion  of  the  ice  lobe.  The 
conditions  of  an  established  body  of  lake  waters  now  permitted 
deposition  from  the  currents  normal  to  the  lake.  As  the  outlet  of 
the  lake  was  at  its  southern  end,  we  may  assume  constant  south- 
ward flowing  midlake  currents.  These  currents,  moving  in  a body 
of  water  of  considerable  magnitude,  were  of  low  velocity  and  car- 
ried only  fine  sediments.  Under  the  fluctuations  incident  to  varying 
seasonal,  climatic  and  other  physical  factors,  deposition  of  these 
sediments  took  place  and  thus  layers  of  silts  and  fine  sands  were 
laid  down  on  the  floor  of  the  middle  portion  of  the  lake. 

At  length  came  the  time  of  the  subsidence  of  the  Lake  Albany 
waters.  At  the  first  stage  of  subsidence  the  lateral  portions  of  the 
lake  bottom  had  emerged  as  land  surface,  forming  the  upper  ter- 
races, above  described.  The  erosion  of  the  surfaces  of  these  ter- 
races immediately  began  and  many  small  streams,  heading  in  the 
uplands,  extended  their  courses  across  the  terraces  and  discharged 
into  the  shrunken  lake.  The  sediments  brought  by  these  streams 
to  the  lake  were  distributed  over  the  same  area  of  the  lake  floor 
that  had  received  deposits  from  the  midlake  currents.  From  these 
two  sources  were  derived  the  silts  now  forming  the  clays  of  the 
lower  terrace.  The  emergence  of  these  deposits,  thus  giving  rise 
to  the  present  terrace,  was  due  to  a further  subsidence  of  the  Lake 
Albany  waters. 

The  accompanying  diagrams  are  believed  to  represent  the  suc- 
cessive steps  in  the  development  of  the  upper  and  lower  terraces, 
ending  with  the  production  of  the  present  features  of  the  valley. 
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Fig.  3.  Diagrams  showing  the  condtions  of  depostion  of  the  sands  and 
clays  of  the  Hudson  valley  and  the  development  of  the  terraces. 

No.  1 shows  the  ice  lobe  occupying  the  inner  preglacial  valley  of  the 
Hudson  and  the  waters  (embayments  of  Lake  Albany)  filling  the  depressions 
between  the  lateral  margins  of  the  ice  lobe  and  the  rim  of  the  outer  valley. 
Deposits  made  in  these  waters  were  largely  of  sands.  No.  2 shows  the 
shrunken  ice  lobe  and  the  consequent  broader  embayments.  Depositions  of 
finer  sediments,  mainly  clays,  were  made  in  the  deeper  and  more  quiet  waters. 
No.  3 shows  the  conditions  when  Lake  Albany  was  at  the  height  of  its 
development.  In  the  quiet  mid-waters  of  the  lake  abundant  clay  sediments 
were  deposited.  No.  4 shows  conditions  at  the  end  of  the  first  stage  of 
marked  subsidence  of  the  lake  waters.  The  outer  portions  of  the  lake 
bottom  have  emerged  forming  the  present  upper  terrace.  No.  5 shows  the 
conditions  after  the  second  stage  of  marked  subsidence.  The  lower  terrace 
has  emerged.  No.  6 shows  the  deposits  in  their  present  relations  and  the 
present  topographical  features  of  the  valley. 
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The  Hoosic  delta.  The  Hoosic  delta,  like  the  other  deltas 
built  by  large  streams  which  discharged  their  sediments  into  Lake 
Albany,  in  its  present  surface  features  bears  the  character  of  a 
sand  plain.  The  continuity  of  the  plain  is  broken,  however,  by  the 
valley  of  the  present  river  which  has  sunk  its  bed  deeply  into  the 
sands  and,  through  meandering,  swept  away  a broad  path  through 
the  delta.  The  marginal  limits  of  the  delta  plain  are  indicated 
partly  by  differences  in  the  topographic  features  of  the  delta,  as 
contrasted  with  the  terraced  deposits  above  described,  and  partly 
by  differences  in  the  character  of  the  materials  of  the  two  forma- 
tions. In  general,  the  delta  materials  as  seen  at  the  surface  are 
coarser  and  less  coherent  than  those  of  the  terraced  areas,  the 
proportion  of  sands  and  fine  gravels  being  much  larger. 

The  shape  of  the  delta  is  that  characteristic  of  this  type  of  con- 
structional formation.  The  materials  are  spread  out  fanlike  from 
the  original  head  of  the  delta  or  place  where  the  river  debouched 
into  the  lake.  This  may  be  taken  as  at  Schaghticoke.  The  outward 
margin  of  the  delta  mass,  fronting  the  Hudson  valley,  is  somewhat 
of  the  form  of  an  arc  but  this  has  been  considerably  modified  by 
river  erosion.  The  Hudson  currents,  deflected  eastward  from 
Bemis  Heights,  have  cut  deeply  into  the  northward  extension  of 
the  delta  border.  Also,  at  an  earlier  time,  the  Iroquois-Mohawk 
currents  which  followed  the  present  course  of  Anthony  kill,  sweep- 
ing across  the  subsiding  waters  of  Lake  Albany,  cut  deeply  into  the 
marginal  lobe  of  the  delta  at  Reynolds,  forming  the  upper  and 
lower  erosion  terraces  to  be  described  below.  (Further  reference 
to  this  stage  of  Pleistocene  history  will  be  given  below.) 

The  surface  of  the  delta  plain  varies  much  as  to  composition  of 
materials  and  minor  topographic  features.  The  soils  are  for  the 
most  part  too  deficient  in  clay  constituents  to  be  valuable  for  agri- 
culture. Considerable  areas  are  left  uncultivated  and  there  are 
tracts  of  coarse  sands  where  wild  vegetation  is  scanty.  The  lack 
of  coherence  of  the  soil  particles  has  resulted  in  extensive  gullying 
of  the  surface  over  considerable  areas.  In  the  region  east  of 
Reynolds  the  plain  is  deeply  dissected  by  many  ravines  producing 
the  irregularities  of  surface  indicated  by  the  contour  lines  of -the 
sheet. 

The  above  description  applies  to  the  surface  materials  and 
features  of  the  delta  where  the  plain  has  not  been  reduced  by  river 
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erosion.  Where  the  Hoosic  river  has  cut  deep  into  the  delta,  form- 
ing a succession  of  terraces  on  either  side  of  the  valley,  thus  expos- 
ing the  materials  of  the  delta  at  different  levels  and  at  varying  dis- 
tances from  the  head  of  the  delta  at  Schaghticoke,  they  differ  con- 
siderably from  the  materials  of  the  surface  of  the  plain.  In  gen- 
eral, the  terraces  of  the  lower  levels  are  of  mixed  clay  and  sand 
composition,  forming  soils  which  are  well  adapted  for  farming  and 
gardening.  For  instance,  the  extensive  flat  at  the  ioo-foot  level 
crossed  by  the  road  running  northeasterly  from  Reynolds  is  com- 
posed of  fine-grained  soils  of  high  fertility.  The  materials  of  the 
terrace  plain  on  the  opposite  side  of  the  river,  beyond  the  alluvial 
flat  and  rising  to  the  140-foot  level,  are  also  finely  divided  and 
include  a considerable  proportion  of  clay  in  their  composition. 

The  fine  sands  and  clays,  lying  at  the  base  of  the  delta  deposits 
and  far  out  from  the  head  of  the  delta,  are  interpreted  as  the 
bottom-set  beds  of  the  formation.  They  were  laid  down  at  an 
early  stage  in  the  building  up  of  the  delta,  representing  the  finer 
sediments  borne  by  the  Hoosic  river  and  dropped  where  the  cur- 
rents were  checked  by  the  quiet  waters  of  the  body  of  the  lake. 

The  materials  of  the  higher  terraces  become  progressively 
coarser  in  order  of  elevation  and  of  nearness  to  the  head  of  the 
delta.  This  is  well  shown  to  the  observer  who  follows  the  road 
south  of  the  river,  beginning  where  the  road  crosses  Tomhannock 
creek  and  continuing  eastward  and  southward  to  the  360-foot  level 
of  the  delta  plain  beyond  where  the  highway  crosses  the  railroad. 


Fig.  4 Profile  of  terraces  in  delta  of  Hoosic  river.  The  terraces  south 
of  the  river  are  shown  on  a line  extending  from  the  delta  plain  west  of 
East  Schaghticoke  to  the  Hoosic  river  at  the  mouth  of  the  Tomhannock 
creek;  the  terraces  north  of  the  river  on  a line  extending  from  the  latter 
point  northeasterly  to  the  delta  plain  northwest  of  Schaghticoke.  See  lines 
on  map. 

Thus  the  materials  of  the  successive  terrace  plains  were  noted  as 
follows:  140-foot  terrace,  sandy  loam;  180-foot  terrace,  coarse 
sandy  or  loamy  soil ; 220-foot  terrace,  fine  to  coarse  gravel ; 320- 
foot  terrace,  gravel,  largely  uncultivated;  360-foot  level  (south  of 
railroad),  sand  and  fine  gravel.  The  materials  of  the  terrace  plains 
on  the  opposite  side  of  the  river  are  predominantly  sand  and  gravel, 
although  the  extensive  pla’n  at  the  340-foot  level  has  a considerable 
admixture  of  clay.  To  the  east  of  the  ravine,  however,  this  plain 
gradually  merges  into  an  area  of  blown  sands. 
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The  coarse  sands  and  gravels  making  up  the  middle  layers  of 
the  delta  formation  and  rising  well  toward  its  surface  are  inter- 
preted as  the  fore-set  beds.  They  are  the  coarser  sediments  which 
were  deposited  at  first  at  the  head  of  the  delta  and  then  successively 
added  to,  thus  building  up  the  delta  progressively  toward  the  body 
of  the  lake. 

A section  of  the  lower  and  middle  beds  of  the  delta,  together 
with  the  underlying  till,  is  shown  on  the  right  bank  of  the  river 
about  1 mile  below  the  gorge  west  of  Schaghticoke.  At  the  base 
there  is  a thickness  of  about  40  feet  of  materials  of  bluish  color, 
mixed  composition,  including  boulders,  and  without  evident  strati- 
fication. Above  this  and  somewhat  sharply  defined  from  it,  though 
without  evident  unconformity,  are  beds  of  yellow  sands  with 
approximately  horizontal  stratification,  as  seen  in  this  section. 
There  is  an  exposure  of  perhaps  30  feet  of  these  sands  as  seen  in 
nearly’  vertical  section,  and  at  a higher  level  the  sands  are  con- 
tinued on  a sloping  surface. 

The  elevation  of  the  highest  terrace  plain  of  the  delta  is  about 
360  feet.  The  extensive  plain  northwest  of  Schaghticoke,  bisected 
by  the  ravine,  is  340  feet  at  its  inner  margin  and  rises  to  360  feet 
at  its  outer  margin.  Southwest  of  Schaghticoke  there  is  a narrow 
but  distinct  plain  (crossed  by  the  road  to  Schaghticoke  hill)  which 
is  at  360  feet  elevation.  It  is  believed  that  these  plains  represent 
the  level  of  the  waters  of  Lake  Albany.  The  former  has  an  areal 
extent  of  several  square  miles  and  it  is  scarcely  open  to  question 
that  its  materials  were  laid  down  below  or  at  the  level  of  the  lake 
waters.  It  evidently  consists  of  the  top-set  beds  of  the  delta  which 
were  spread  out  horizontally  over  the  fore-set  beds.  It  will  be 
noted  that  this  elevation  is  considerably  above  that  of  the  general 
or  average  elevation  of  the  upper  terrace  of  the  body  of  deposits 
in  the  lake  north  and  south  of  the  area  of  the  delta. 

We  have  now  to  consider  the  sand  and  gravel  deposits  which 
border  the  Hoosic  valley  for  several  miles  eastward  from  Schaghti- 
coke. At  East  Schaghticoke  these  deposits  are  380  feet  in  eleva- 
tion and  the  village  of  Valley  Falls,  one  and  one-half  miles  to  the 
east,  is  built  on  a river  terrace  of  the  same  elevation.  Also  on  the 
north  side  of  the  river  and  farther  to  the  east  there  is  a distinct 
terrace  of  sand  and  fine  gravel.  This  terrace  is  sharply  distinguish- 
able, both  in  regard  to  materials  of  composition  and  topographic 
form  from  the  hill  of  till  adjoining  it  to  the  east  and  which  formed 
a part  of  the  dam  of  glacial  debris  behind  which  were  ponded 
the  waters  which  formed  the  glacial  lake  north  of  Johnsonville. 
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These  deposits  are  interpreted  as  a valleyward  extension  of  the 
delta  and  as  representing  that  portion  of  the  delta  which  was  built 
up  above  the  level  of  the  general  delta  platform  of  the  lake.  This 
principle  of  delta  growth  has  been  stated  as  follows:  “At  the 
same  time  the  channel  of  the  stream  above  the  original  head  of  the 
delta  is  aggraded,  for  the  current  there  is  checked  by  the  aggrada- 
tion of  the  delta.  Thus  alluvial  deposits  continuous  with  the  delta 
are  extended  landward.”1 

DEVELOPMENT  OF  THE  HOOSIC  TERRACES 

The  river  had  built  into  Lake  Albany  a great  delta,  the  plain 
of  which  had  been  . raised  above  the  level  of  the  water  at  the  head 
of  the  delta,  near  Schaghticoke,  and  stood  very  slightly  below  the 
water  level  for  a considerable  distance  outward  from  the  head. 
When  at  length  Lake  Albany  began  to  subside  this  portion  of  the 
delta  plain,  covered  by  shallow  water,  emerged  as  land  surface. 
During  the  emergence  the  river  maintained  its  channel  across  the 
added  area  but  as  the  extent  of  the  level  or  slightly  sloping  surface 
increased,  the  stream  was  gradually  thrown  into  a winding  course 
and  eventually  broad  meanders  were  developed.  The  continued 
degradation  of  the  bed  of  the  river  resulted  in  lowering  the  level 
of  the  plain  within  the  belt  of  meandering.  In  the  shifting  of  the 
channel  of  the  stream  from  side  to  side  terraces  were  left  at  the 
outer  limit  of  each  meander.  These  terraces  were  formed  at  suc- 
cessively lower  levels  according  to  the  level  of  the  lowering  plain 
at  each  successive  swing  of  the  river. 

The  subsidence  of  Lake  Albany  by  stages,  bringing  to  the  sur- 
face at  different  times  added  areas  of  the  delta  surface,  was 
undoubtedly  an  important  factor  in  the  development  of  the  terraces. 
It  is  possible  that  the  slopes  bounding  some  of  the  terraces  repre- 
sent in  fact  abandoned  shore  lines  of  the  lake.  The  terrace  on  the 
north  side  of  the  river  at  the  280-foot  level  at  its  inner  margin  and 
bounded  at  its  outer  margin  by  the  slope  that  separates  it  from  the 
340-foot  level  of  the  delta  plain  lends  itself  to  this  explanation.  The 
contour  lines  that  mark  the  20  feet  of  slope  trend  abruptly  to  the 
northeast  and  can  scarcely  be  interpreted  as  indicating  the  limit  of 
a meander.  The  writer  has  not  found  it  possible,  however,  on  the 
basis  of  topographic  evidence,  to  differentiate  between  the  effects 
to  he  immediately  connected  with  subsidence  and  those  due  to 
erosion  and  meandering  as  described  above. 


1 Chamberlin  and  Salisbury.  Geology,  1:189. 
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Fig.  5 Diagram  showing  terraces  in  delta  of  Hoosic  river 

EROSION  TERRACES 


Near  Mechanicville  on  either  side  of  the  Hudson  valley  there 
is  a well-defined  terrace  at  the  200-foot  level.  These  terraces  are 
quite  certainly  of  different  origin  from  the  other  terraces  bordering 
the  valley  and  described  above  as  the  upper  and  lower  terraces 
of  the  Lake  Albany  deposits.  The  terrace  west  of  the  river  (south- 
west of  Mechanicville)  stands  40  feet  below  the  lower  lake  terrace 
and  is  separated  from  the  latter  by  a steep  slope.  It  was  evidently 
formed  by  the  cutting  down  of  the  inner  portion  of  the  area  of  the 
lake  terrace.  The  terrace  on  the  east  side  of  the  river  is  likewise 
evidently  a terrace  of  erosion,  having  been  carved  out  of  the  Hoosic 
delta  deposits. 

It  is  evident  that  the  currents  which  formed  these  symmetrical 
erosion  terraces  issued  from  the  valley  now  followed  by  Anthony 
kill.  The  west  terrace  has  the  location  and  trend  of  outlines  which 
would  result  from  erosion  by/  \ye..stern  tributary  river  occupying. 
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this  valley  and  discharging  into  waters  flowing  southward  in  the 
Hudson  valley.  The  east  terrace  likewise  has  the  location  and 
form  relations  which  would  result  from  currents  from  the  same 
tributary  river  sweeping  across  the  Hudson  valley  waters  and 
impinging  against  a frontal  lobe  of  the  delta  mass. 
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Fig.  6 Surface  profile  across  the  Hudson  valley  at  Mechanicville  showing 
the  symmetrical  erosion  terraces.  Horizontal  scale  and  relief  scale  cor- 
respond to  those  of  topographic  sheet.  The  line  on  which  the  profile  is 
drawn  is  shown  on  the  map. 

These  terraces  are  therefore  interpreted  as  follows : When  the 
waters  of  Lake  Albany  had  so  far  subsided  as  to  bring  to  the 
surface  the  deposits  which  now  form  the  lower,  or  brick-clay,  ter- 
race of  the  Hudson  valley,  the  Iroquois-Mohawk  waters  still  dis- 
charged into  the  lake  through  the  northern  (Anthony  kill)  channel. 
In  the  progress  of  the  subsidence  the  river  currents,  shifting  east- 
ward, cut  down  the  inner  portion  of  the  clay  terrace  at  Mechanic- 
ville and,  due  to  the  deflection  of  the  Iroquois-Mohawk  currents, 
southward  through  confluence  with  the  southward-flowing  lake  cur- 
rents, the  area  of  reduced  clay  surface  developed  southeasterly. 
This  process  of  erosion  was  brought  to  an  end  by  a renewed  and 
more  rapid  subsidence  of  the  lake  waters,  thus  causing  the  eroded 
area  to  emerge  as  land  surface  and  forming  the  present  terrace. 

This  terrace  and  the  corresponding  one  on  the  opposite  side 
of  the  valley  are  therefore  features  due  to  the  destructive  (degrad- 
ing) work  of  river  currents  in  contrast  with  the  clay  terraces  which 
were  built  up  through  the  deposition  of  sediments  in  Lake  Albany. 
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In  both  cases,  however,  the  marginal  slope,  determining  the  front 
of  the  terrace,  is  due  to  downcutting  by  currents  shifted  from  a 
broader  to  a narrower  range  of  erosion  consequent  upon  the  sub- 
sidence of  the  Lake  Albany  waters. 

The  downcutting  which  attended  the  renewed  subsidence  of  the 
lake  waters  is  definitely  recorded  in  the  steep  slopes  which  bound 
the  erosion  terraces  at  their  inner  margins.  As  shown  by  the 
contour  lines  of  the  sheet  the  slope,  or  bluff,  of  the  west  terrace 
(facing  the  flattened  area  on  which  Mechanicville  is  built)  is  60 
feet  in  height  and  the  bluff  of  the  east  terrace  (extending  northwest- 
erly from  Reynolds)  is  80  feet.  The  trend  of  the  lines  of  these  bluffs 
is  quite  evidently  such  as  would  be  caused  by  currents  issuing  from 
the  Anthony  kill  channel.  And  these  currents  must  have  been  of 
considerable  power,  seeing  that  their  force  was  not  spent  in  their 
diagonal  course  across  the  lake  waters.  It  is  therefore  inferred 
that  the  Iroquois-Mohawk  was  still  discharging  into  Lake  Albany 
at  Mechanicville  when  the  waters  of  the  lake  had  subsided  to 
the  level  of  the  eroded  area  at  the  foot  of  the  bluff  west  of 
Mechanicville.  The  eroded  area  just  referred  to  has  the  physio- 
graphic form  of  a terrace  normal  to  the  river  at  the  present  level 
of  its  channel.  The  corresponding  terrace  on  the  east  side  of  the 
river  is  the  level  tract  extending  toward  the  river  from  the  foot  of 
the  bluff  running  northwesterly  from  Reynolds.  These  symmetrical 
terraces  may  be  designated  the  lower  erosion  terraces  in  contra- 
distinction to  the  upper  erosion  terraces  described  above. 

EVIDENCE  BEARING  ON  POSTGLACIAL  HISTORY  OF 
HUDSON-CHAMPLAIN  VALLEY 

These  topographic  features,  due  to  erosion  by  the  Iroquois- 
Mohawk  currents,  afford  a datum  for  determining  the  time  of 
subsidence  of  Lake  Albany  with  reference  to  the  location  of  the 
front  of  the  ice  sheet  in  its  retreat  from  the  Hudson  and  Cham- 
plain valleys.  The  outlet  of  the  interior  glacial  lakes  (Algonquin- 
Iroquois  stage)  continued  through  the  Mohawk  valley  until  such 
time  as  the  receding  ice  front  opened  an  outlet  along  the  northward 
slope  of  the  Adirondacks.  It  follows  that  the  subsidence  of  Lake 
Albany  had  proceeded  to  the  extent  that  its  waters  had  lowered 
from  the  360-foot  level  (that  of  the  Hoosic  delta)  to  the  ioo-foot 
level  (that  of  the  lower  erosion  terraces  at  Mechanicville)  within 
the  period  of  time  the  ice  front  was  in  process  of  retreat  to  the 
northern  end  of  the  Champlain  region.  For  during  the  continuance 


30 


NEW  YORK  STATE  MUSEUM 


of  the  Iroquois-Mohawk  outlet  its  currents  lowered  their  bed  in  the 
Lake  Albany  deposits  pari  passu  with  the  subsidence  of  the  lake 
waters  from  the  surface  of  the  deposits  to  the  level  of  ioo  feet. 

There  is  no  evidence  that  the  waters  of  the  Hudson  valley,  after 
their  subsidence  to  the  level  indicated  by  the  eroded  area  at  Mechan- 
icville,  rose  again  to  a higher  level.  The  present  major  topographic 
features  of  the  valley  (the  terraces  and  their  slopes)  have  certainly 
not  been  modified  by  overflowing  waters  since  their  origin.  If 
therefore  a water  connection  existed  between  the  Champlain  arm 
of  the  sea  and  the  ocean  at  New  York,  this  strait  had  a breadth  at 
Mechanicville  not  greater  than  approximately  the  space  between 
the  ioo-foot  contour  lines  on  the  opposite  sides  of  the  valley;  that 
is  a breadth  not  greater  than  that  of  the  present  valley  bottom. 

These  deductions,  drawn  from  the  facts  of  topography,  are 
opposed  to  the  conception  of  a body  of  marine  waters  filling  the 
Hudson  valley  to  a height  indicated  by  the  river  deltas  and  con- 
tinuous with  marine  waters  in  the  Champlain  depression. 

If  we  suppose  that  the  Hudson  valley  waters  in  which  the  sands 
and  clays  were  deposited  were  estuarine,  opening  into  the  sea  at 
New  York,  then  that  portion  of  the  estuary  included  in  the  area 
of  the  Cohoes  quadrangle  had  become  changed  to  a fresh-water 
river  while  yet  the  St  Lawrence  basin  was  filled  with  ice.  We  are 
thus  led  to  conclude  that  at  no  time  was  there  a continuous  body 
of  marine  waters  connecting  the  St  Lawrence  arm  of  the  sea  with 
the  ocean  at  New  York. 

Clays,  sands  and  gravels  on  the  floor  of  the  Hudson  valley. 

The  materials  of  the  floor  of  the  Hudson  valley  are  varied  in  char- 
acter and  over  considerable  extents  of  the  surface  are  not  readily 
resolvable  into  areas  of  distribution  according  to  their  composition 
and  origin.  This  complexity  is  due  to  the  varied  factors  that  have 
determined  deposition  of  materials  and  their  subsequent  degrada- 
tion during  the  successive  stages  of  Pleistocene  history. 

The  strong  currents  which  through  downcutting  brought  into 
relief  the  clay  bluff's  bordering  the  valley  floor  did  not  sweep  away 
all  the  deposits  laid  down  on  the  middle  portion  of  the  basin  of 
Lake  Albany.  In  places,  therefore,  the  soil  is  made  up  largely  of 
clays  representing  original  lacustrine  deposits.  Where  these  clays 
thin  out  or  where  they  have  been  largely  removed  by  erosion, 
glacial  till  appears,  often  with  boulders  at  the  surface.  Where  the 
erosion  has  gone  on  to  the  extent  that  the  till  has  been  removed, 
areas  of  bare  rocks,  or  rocks  covered  with  postglacial  residual 
soils,  occur. 


GLACIAL  GEOLOGY  OF  THE  COHOES  QUADRANGLE  3 1 

At  the  base  of  the  clay  bluffs  and  in  places  extending  well  out 
toward  the  middle  line  of  the  valley  there  are  low  heaps  or  sloping 
banks  of  mixed  clays  and  sands  that  have  been  washed  down  or 
have  slidden  in  loosened  masses  from  the  slope.  At  a number  of 
places  there  are  evidences  that  landslides  of  considerable  propor- 
tions have  occurred.  Thus  on  the  left  bank  of  the  river  above 
Stillwater,  near  the  Washington-Rensselaer  county  boundary  lines, 
the  broken  slope  and  partially  detached  masses  of  the  clayey 
materials  are  quite  evidently  the  result  of  landslides.  Also  2 miles 
north  of  Waterford  there  is  a conspicuous  sloping  bank,  marked  by 
the  curve  of  the  Champlain  canal,  which  is  believed  to  represent  a 
landslide.  The  conditions  and  factors  determining  the  occurrence 
of  landslides  of  the  Hudson  valley  clays  have  been  carefully  studied 
by  Newland.1 

It  is  quite  probable  that  a considerable  proportion  of  the  fine- 
grained materials  of  the  soils  of  the  valley  floor  have  been  derived 
as  silts  washed  from  the  numerous  ravines  that  open  into  the  val- 
ley. There  are,  however,  no  well-formed  alluvial  fans  fronting 
the  mouths  of  the  ravines.  In  explanation  of  this  it  is  to  be  remem- 
bered that  the  development  of  the  ravines  began  as  soon  as  the 
terraces  emerged  from  the  Lake  Albany  waters  and  that  the  sedi- 
ments washed  from  the  ravines  were  for  a long  time  spread  out 
on  the  bed  of  the  lake  when  its  shore  line  corresponded  with  the 
present  bluffs  of  the  lower  terrace. 

There  occur  here  and  there  on  the  valley  floor  deposits  of  gravels ; 
that  is,  rounded  pebbles  and  cobbles,  usually  mingled  with  coarse- 
grained sands.  Some  of  these  occurrences  admit  of  ready  explana- 
tion. For  instance,  on  the  eroded  tract  crossed  by  the  road  that 
runs  southwesterly  from  Reynolds  the  gravels,  forming  much  of 
the  soil  of  the  fields,  have  evidently  been  derived  from  the  materials 
of  the  Hoosic  delta.  The  currents  which  reduced  this  portion  of 
the  front  of  the  delta  mass  left  behind  the  coarser  parts  which 
were  too  heavy  to  be  transported. 

There  are  frequent  occurrences  of  masses  of  gravel  in  which 
there  is  a stratified  arrangement  of  the  materials.  Immediately 
north  of  Waterford,  in  the  angle  between  the  canal  and  the  highway, 
there  is  a conspicuous  gravel  bank  in  which  the  following  features 
of  composition  and  structure  were  noted:  (1)  Layers  of  coarse 
gravel  mixed  with  dark  sand  3 to  15  feet  thick  and  10  to  15  feet 


1 Newland.  Landslides  in  Unconsolidated  Sediments.  12th  Rep’t  of  the 
Director  of  the  State  Mus.,  p.  79.  1916. 
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in  length;  these  layers  mostly  dipping  to  south.  (2)  Layers  of  dark 
sand  mixed  with  pebbles  and  worn  fragments  of  shale  rock  3 to  10 
feet  thick.  (3)  Thinner  layers  of  stratified  yellow  sands  a few 
inches  to  3 or  4 feet  thick. 

A gravel  pit  and  slope  showing  a thickness  of  about  40  feet 
occurs  along  the  road  that  crosses  the  eroded  area  northwest  of 
Waterford  near  where  the  small  stream  crosses  the  road.  This  is 
apparently  an  exposure  of  the  same  gravel  mass  described  in  the 
preceding  paragraph.  Also  on  the  northern  part  of  Peobles  island, 
south  of  Waterford,  sand  and  gravel  are  obtained  from  deposits 
which  apparently  fill  depressions  of  the  rock  surface.  The  materials 
show  a stratified  arrangement  and  consist  of  water-worn  fragments 
of  rock,  ranging  from  the  size  of  pebbles  to  cobbles,  with  irregularly 
interstratified  layers  and  lenses  of  coarse  sand,  mingled  with  worn 
fragments  of  local  rock. 

These  bodies  of  gravel  are  interpreted  as  representing  kames, 
or  morainic  accumulations  formed  at  the  ice  front  in  the  retreat 
of  the  ice  lobe  which  occupied  the  general  valley  of  the  Hudson 
after  the  melting  of  the  ice  from  the  uplands.  As  lacustrine  condi- 
tions supervened  these  ice  deposits  were  covered  over  with  the 
clay  sediments  but  in  the  localities  mentioned,  as  elsewhere  on  the 
floor  of  the  Hudson,  they  have  been  stripped  of  the  clays  and  more 
or  less  reduced  by  stream  erosion. 

An  interesting  occurrence  of  gravels  is  that  found  on  Green 
island  and  on  the  east  side  of  the  river,  south  of  Lansingburg. 
Here  the  surface  materials  are  limited  to  a thin  layer  of  coarse 
sand  and  fine  gravel  immediately  overlying  bedrock.  The  thick- 
ness of  this  deposit,  as  observed,  is  nowhere  in  excess  of  3 or  4 
feet  and  in  places  it  thins  out  to  a few  inches.  The  deposit  lies 
unconformably  on  the  rock  surface,  filling  and  smoothing  over 
depressions  in  the  rock.  These  sands  and  fine  gravels  are  inter- 
preted as  outwash  deposits  from  the  morainic  accumulations  to  the 
north  and  referred  to  in  the  preceding  paragraphs. 

The  Willow  Glen  gravel  bank.  At  Willow  Glen  the  north 
slope  of  the  valley  now  followed  by  Anthony  kill  presents  an 
exposure  of  a thick  mass  of  sand  and  gravel.  The  materials  are 
utilized  for  building  purposes  and  a spur  of  the  railroad  extends 
to  the  bank.  The  general  composition  and  structural  features  are 
similar  to  those  of  the  sand  and  gravel  bank  at  North  Albany.  In 
general,  the  entire  mass  shows  irregular  stratification : layers  of 
coarse  gravels  intermixed  with  coarse  sands  are  clearly  marked  off 
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from  layers  of  less  coarse  composition.  Some  of  the  layers  are 
of  dark  color,  due  mainly  to  water-worn  fragments  of  the  local 
rock.  At  the  base  of  the  bed  there  are  cobbles  and  boulders  that 
have  been  separated  from  the  sands  in  the  work  of  excavation. 

It  is  believed  that  these  deposits  are  morainic  in  character  and 
were  laid  down  under  conditions  of  standing  water.  They  evidently 
occupy  a preglacial  depression  and  the  retreating  ice  front  may 
have  halted  or  entered  upon  a phase  of  slow  recession  at  this  place. 
At  the  same  time  waters  gathered  in  the  depression  and  the 
materials  derived  from  the  melting  ice  were  partially  sorted  as  they 
were  laid  down. 

This  formation  of  sands  and  gravels,  and  others  of  similar  com- 
position and  structure  as  they  occur  in  the  Hudson  valley  where 
lacustrine  conditions  immediately  supervened  upon  the  withdrawal 
of  the  ice  sheet,  may  be  designated  as  subaqueous  recessional 
moraines. 

Residual  clays  of  postglacial  age.  The  Mohawk  waters  which 
coursed  through  the  Anthony  kill  channel  swept  from  their  path 
the  Lake  Albany  deposits  and  laid  bare  the  underlying  rock.  Much 
of  this  rock  surface  thus  exposed  to  weathering  is  now  covered 
with  residual  clay  soils.  In  general,  the  floor  of  the  valley  from 
Willow  Glen  eastward  to  the  river  (except  where  bare  rock  is  now 
exposed)  is  mantled  with  a thin  layer  of  rock  detritus  soils  of  post- 
glacial age.  They  are  well  shown  in  cuttings  made  in  grading  the 
macadamized  road,  and  the  transition  from  the  fine-grained  surface 
soil  to  the  slightly  altered  rock  below  is  readily  noticeable.  The 
depth  of  the  soil,  as  observed,  varies  from  a few  inches  to  several 
feet.  The  park  area  of  the  city  of  Mechanicville  is  composed  of 
this  residual  clay  soil  with  some  additions  of  materials  from  the 
lacustrine  clays  and  sands  that  have  been  washed  down  from  the 
slope  bounding  the  erosion  terrace. 

When  the  Mohawk  river  became  established  in  its  present  course 
(the  Aqueduct-Cohoes  channel)  its  flooded  waters  likewise  swept 
away  a broad  path  through  the  Lake  Albany  deposits.  In  this  way 
was  formed  the  broad  depression  extending  southeastward  from 
Crescent  to  the  islands  at  the  mouth  of  the  Mohawk.  The  greater 
portion  of  the  floor  of  this  depression  lies  east  of  the  present  course 
of  the  river  and  is  marked  by  striking  irregularities  of  surface. 
The  larger  features  are  clearly  due  to  the  effects  of  weathering  and 
stream  erosion,  mainly  in  preglacial  times,  of  steeply  tilted  rocks 
composed  of  unequally  resistant  strata.  The  topography  of  this 
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area  is  therefore  essentially  preglacial  and  represents,  in  fact,  a 
portion  of  the  ancient  rock  valley  of  the  Hudson  stripped  of  its 
Pleistocene  covering  and  somewhat  modified  by  postglacial  erosion 
and  weathering. 

The  same  area  shows  in  its  minor  surface  features  the  action  of 
strong  current:.-  laden  with  fragments  of  hard  rock  as  cutting  tools. 
There  are  numerous  depressions  marking  ancient  potholes,  now 
partially  or  wholly  filled  with  the  residual  clays.  Some  of  these  are 
exposed  where  the  clay  is  thin  or  has  been  removed ; for  example, 
on  the  left  bank  of  the  river  near  the  falls.1 

The  surface  materials  of  this  area  consist  mainly  of  residual 
clays  derived  from  the  underlying  shale  (or  slate)  rocks.  The 
section  of  the  state  barge  canal  which  extends  from  Waterford 
to  the  Mohawk,  at  a point  about  i mile  above  Cohoes  falls,  crosses 
this  area  and  is  everywhere  cut  in  bedrock.  The  layer  of  residual 
soil  overlying  rock  is  thus  clearly  exposed.  Along  the  gorge  of 
the  Mohawk  the  weathered  rock  surface,  forming  a dark-colored 
clay  soil,  is  also  well  shown.  The  thickness  of  the  clay  mantle  is 
nowhere  great,  varying  from  a few  inches  to  perhaps  5 or  6 feet. 
These  clays  have  certainly  originated  as  the  products  of  rock- 
weathering since  the  end  of  the  epoch  of  flooded  Mohawk  waters. 
While  the  covering  of  this  area  consists  predominantly  of  residual 
clays,  there  occur  in  places  materials  of  the  glacial  till  which  escaped 
removal  by  flood  erosion.  These  are  scattered  boulders  and  cob- 
bles; also,  in  places,  especially  in  the  eastern  portion  of  the  area, 
some  of  the  less  coarse  materials  of  the  till  still  persist  in  the  cov- 
ering of  the  bedrock. 

Areas  of  residual  clays  also  occur  on  the  floor  of  the  Hudson 
valley.  The  largest  of  these  forms  a broad  tract  lying  west  of  the 
curve  of  the  river  between  Bemis  Heights  and  Stillwater  and 
extending  in  narrower  development  southward  to  near  Mechanic- 
ville.  This  area  includes  many  patches  of  outcropping  or  thinly 
covered  rock,  the  distribution  of  which  corresponds  in  general  with 
the  highest  parts  of  the  surface.  In  that  portion  of  the  area  which 
lies  east  of  the  abandoned  canal  (which  follows  a line  of  drainage 
depression)  the  parts  of  highest  elevation  are  shown  by  the  looped 
contours  marking  the  xoo-foot  level.  But  west  of  the  road  that 
runs  northerly  from  Stillwater  there  is  an  elongated  hill  of  rock 
with  thin  covering  of  detritus  which  is  160  feet  in  elevation.  There 

1 For  a full  description  of  these  potholes  with  measurements,  see  paper  by 
G.  K.  Gilbert  (Deposition  of  the  Mastodon  at  Cohoes),  N.  Y.  State  Cabinet 
Nat.  Hist.,  21st  Annual  Report,  1871.  p.  129-48. 
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is  a depression  of  surface  between  this  hill  and  the  clay  bluff  which 
bounds  the  lower  lacustrine  terrace. 

The  interpretation  placed  upon  these  features  is  as  follows:  In 
the  course  of  the  lowering  of  the  Lake  Albany  waters  to  the  level 
marked  by  the  base  of  the  bluff  fronting  the  lower  terrace,  the 
character  of  this  body-  of  water  had  gradually  become  changed 
from  lacustrine  to  fluviatile.  Strong  currents  from  the  north  flowed 
in  the  channel  formed  by  the  shrunken  bed  of  the  lake.  At  Bemis 
Heights  these  currents  sweep  southwestward  along  the  clay  bluff; 
subsequently  the  line  of  strongest  currents  shifted  easterly,  denuding 
the  broad  tract  now  covered  with  residual  soils,  and  finally  occupy- 
ing the  present  channel  of  the  Hudson. 

In  a number  of  places  farther  to  the  south  there  is  like  evidence 
of  the  erosive  work  of  strong  currents  which  flowed  over  the  floor 
of  the  Hudson  valley.  The  rock  surfaces  thus  laid  bare  are  now  v 
covered  mainly  by  residual  clays.  The  attempt  has  been  made  to 
map  these  areas,  but  in  some  places  there  are  no  clear  delimitations 
and  the  boundaries  as  shown  on  the  map  are  to  be  taken  as 
approximate. 

Areas  of  bared  rocks.  The  areas  of  exposed  rock  surface  on 
the  floor  of  the  Hudson  valley  and  the  two  tributary  valleys  from 
the  west  are  not  sharply  separable  from  the  areas  of  residual  clays 
described  above.  Both  were  originally  swept  bare  by  the  same 
flood  currents  and  it  is  probable  that,  excepting  the  rock  islands 
of  the  Hudson  river  and  other  small  exposures  adjacent  to  the 
present  streams,  much  of  the  area  now  bare  was  formerly  cov- 
ered with  residual  clays.  The  larger  towns  of  the  valley,  Cohoes, 
Lansingburg,  Waterford  and  Mechanicville,  are  built  wholly  or  in 
part  on  rock  and  it  is  evident  that  human  agencies  have  played  a 
part  in  denuding  these  areas. 

Postglacial  gorges.  The  Mohawk  river  from  near  Crescent 
to  its  mouth  has  its  bed  on  rock  and  in  the  last  3 miles  of  its  course 
occupies  a rock  gorge  marked  by  the  well-known  falls  at  Cohoes. 

A da'm  has  been  built  across  the  upper  portion  of  the  gorge,  in 
order  to  supply  power  for  the  industries  of  Cohoes.  The  level  of 
the  water  in  the  dam  is  156  feet.  From  the  dam  to  the  falls  the 
river  has  the  character  of  a rapids  descending  20  feet  in  the  dis- 
tance of  three-fourths  of  a mile.  It  then  falls  70  feet  over  a preci- 
pice of  rock.  The  water  does  not  descend  abruptly  as  a vertical 
sheet  but  flows  over  the  steeply  inclined  rock  declivity.  The  slope 
of  this  declivity  corresponds  in  general  to  the  dip  of  the  rocks  but 
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in  the  middle  portion  of  the  falls  the  rocks  have  been  worn  and 
broken  so  that  the  angle  of  fall  is  less  than  that  of  the  dip  and  in 
places  the  falling  water  has  the  character  of  a cascade.  At  about 
one-third  of  the  width  of  the  river  from  the  left  bank  there  is  a 
projecting  mass  of  smoothed  rock  over  which  little  water  passes. 
At  the  inner  side  of  this  mass  the  volume  of  falling  water  is  greater 
than  elsewhere  and  at  the  base  there  is  a deep  pool  of  water 
occupying  a depression  worn  into  the  rocks. 


Fig.  7 Block  diagram  of  the  Cohoes  region  of  the  lower  Mohawk.  The 
development  of  the  topographic  features  here  shown  is  explained  in  the 
text. 

Below  the  falls  the  river  flows  on  a bed  of  jagged  rock  but  with 
slower  currents,  descending  in  the  course  of  a mile  from  the  level 
of  60  feet  at  the  foot  of  the  falls  to  51  feet  at  the  head  of  the 
lower  rapids  where  the  river  divides  into  three  streams  forming 
the  islands  on  the  floor  of  the  Hudson  valley.  In  the  summer 
when  the  rivei  is  low  most  of  the  water  below  the  falls  is  confined 
to  a deep-water  channel  which  extends  from  the  deep-water  pool 
at  the  falls. 

In  interpreting  these  features  it  is  to  be  remembered  that  in 
this  portion  of  its  course  the  Mohawk  flows  across  the  ancient 
rock  valley  of  the  Hudson.  The  outer  boundary  of  this  rock  valley 
is  clearly  indicated  by  the  ridge  (although  now  mostly  covered) 
extending  north  and  south  from  Crescent  station.  The  postglacial 
Mohawk  river  broke  through  this  boundary  at  Crescent.  Then 
bending  southward,  its  course  partly  determined  by  the  strike  of 
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the  rock  beds  and  partly  by  the  slope  of  the  old  valley  floor,  the 
river  eroded  its  present  channel.  Where  it  passed  over  the  rim 
of  the  narrower  inner  portion,  or  gorge  (see  page  7),  of  the  ancient 
rock  valley,  rapids  were  formed  and,  owing  to  the  steep  dip  of 
the  rocks,  the  rapids  developed  into  a waterfall.  This  was  the  origin 
of  the  Cohoes  falls. 

The  height  o’f  the  rock  wall  of  the  gorge  below  the  falls  as  seen 
on  the  east  side  is  120  feet.  About  three-eighths  of  a mile  below 
the  falls  this  wall  falls  away  to  a height  of  40  feet.  The  contours 
of  the  upper  portion  of  the  wall,  representing  80  feet,  here  become 
continuous  with  the  slope  extending  northeasterly  and  bounding 
the  present  valley  floor  of  the  Hudson.  This  slope  (crossed  by 
the  road  a short  distance  back  from  the  summit  of  the  gorge)  is 
composed  of  rock  covered  with  residual  clays.  The  continuation 
of  this  escarpment  is  seen  on  the  opposite  side  of  the  gorge  though 
much  reduced  in  height  and  angle  of  slope  for  some  distance  back 
from  the  river.  This  is  due  to  the  flooded  Mohawk  waters  of  late 
glacial  times,  which  laid  bare  the  rocks  on  which  the  lower 
(northern)  portion  of  the  city  of  Cohoes  is  built.  The  trend  of 
the  currents  southward  due  to  their  confluence  with  the  Hudson 
waters,  caused  a greater  reduction  of  the  scarp  immediately  south 
of  the  gorge.  But  farther  to  the  south,  west  of  the  railway  tracks, 
where  the  surface  of  the  rock  is  exposed  in  a ravine,  the  scarp 
shows  at  its  full  height. 

It  is  quite  evident  that  this  slope  of  rock  is  the  rim  of  the  inner 
portion  of  the  ancient  rock  valley  and  that  the  place  where  the 
height  of  the  wall  of  the  gorge  below  the  falls  abruptly  lessens 
marks  the  original  location  of  the  falls  of  the  river.  The  present 
Cohoes  falls  is  located  approximately  2000  feet  back  from  this 
landmark,  showing  that  a recession  of  the  falls  has  taken  place 
to  that  extent  in  postglacial  times  and  subsequent  to  the  with- 
drawal of  the  Lake  Albany  waters. 

This  small  amount  of  recession  compared  with  other  postglacial 
falls  (Niagara  Falls  has  receded  7 miles  in  postglacial  times)  is 
explained,  at  least  as  to  the  main  factors  concerned,  by  the 
materials  and  structure  of  the  rocks  through  which  the  gorge  has 
been  cut.  The  rock  consists  of  indurated  shales  (slates)  and  sand- 
stones, dipping  steeply  in  a general  direction  to,  the  east.  The 
amount  and  direction  of  dip  varies  locally,  due  to  contortions  of 
the  strata  resulting  from  compression.  In  general,  the  sandstone 
layers  predominate  in  the  rock  and  layers  of  a thickness  of  from 
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several  inches  to  a foot  or  more  occur  interbedded  with  the  thinner 
layers. 

The  direction  of  flow  is  with  the  dip  so  that  in  general  the  wear 
of  the  rocks  at  the  front  of  the  precipice  is  on  the  faces  of  their 
bedding  planes.  Because  of  this  the  process  of  wear  goes  on 
slowl-y.  But  at  the  summit  of  the  falls  the  water  flows  over  the 
edges  of  the  rocks  and  the  destructive  process  is  more  rapid.  The 
erosive  agents  lodge  in  the  depressions  resulting  from  unequal 
wear  of  alternating  soft  and  hard  strata  and  deepen  them  into  pot- 
holes. There  are  very  many  of  these  in  the  bed  of  the  river  imme- 
diately above  the  falls.  Due  to  the  more  rapid  wear  of  the  strata 
on  their  upper  ends  than  on  their  faces,  the  angle  of  slope  of  the 
falls  is  greater  than  that  of  the  dip  of  the  strata. 

At  the  base  of  the  falls  where  the  impetus  of  the  falling  water 
is  greatest  somewhat  rapid  wear  takes  place,  forming  pools,  and 
the  eddies  in  these  pools,  through  undermining,  may  contribute 
somewhat  to  the  recession  of  the  falls. 

The  Hoosic  gorge.  A postglacial  gorge  of  interesting  physi- 
ographic and  scenic  features  is  that  of  the  Hoosic  river  west  of 
Schaghticoke.  The  river  has  here  sunk  its  bed  through  the  mass 
of  delta  deposits  and  into  the  underlying  bedrock.  Where  the 
stream  enters  the  gorge  at  Schaghticoke  its  course  turns  abruptly 
northward,  evidently  in  conformity  to  the  strike  of  the  rocks. 
After  emerging  from  the  first  gorge  the  river  turns  westward  and 
its  slopes  consist  of  the  delta  materials.  It  then  enters  the  second 
rock  gorge  and  its  further  course  describes  the  shape  of  the  letter 
U,  the  direction  of  the  arms  of  the  U corresponding  to  the  dip  of 
the  strata.  There  is  a fall  of  120  feet  from  the  head  of  the  upper 
gorge  to  the . foot  of  the  lower  rock  gorge,  furnishing  abundant 
power.  This  has  long  been  utilized  for  manufacturing  industries 
and,  in  recent  years,  for  the  generating  of  electric  energy. 

aq;  suq  oisoojq  oq}  jo  Xojjua  jcjouoS  9q;  oqoDpqSuqog  jo 
appearance  of  a preglacial  valley  although  the  shallow  rock  gorge 
at  Valley  Falls  may  mark  a diversion  of  the  river  from  its  old  bed. 
The  course  of  the  preglacial  Hoosic  from  near  Schaghticoke  to 
the  Hudson  is  unknown. 

In  that  portion  of  the  course  of  Tomhannock  creek  which  crosses 
the  delta  formation,  the  stream  has  in  places  sunk  its  bed  into  the 
underlying  rock  forming  gorges  and  cascades.  One  of  these  occurs 
a short  distance  northwest  of  Schaghticoke  hill  and  another  of  pic- 
turesque scienic  features  about  one  and  one-half  miles  farther  on. 


Plate  2 


Falls  of  the  Mohawk  at  Cohoes.  The  amount  of  rock  erosion  both 
above  and  below  the  falls  on  the  left  bank  of  the  river  is  shown  in 
the  picture. 


The  gorge  of  the  Heosic  river  below  Schaghticoke.  The  building  in 
the  middle  background  is  the  powe1'  house. 
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RECENT  DEPOSITS 

The  deposits  representing  the  recent  period  of  geological  history, 
or  epoch  that  has  elapsed  since  the  final  subsidence  and  disappear- 
ance of  glacial  waters,  are  (i)  wind-blown  sands,  (2)  stream  allu- 
vium and  (3)  vegetable  debris  or  peaty  accumulations  in  swamps. 

Wind-blown  sands.  In  the  western  and  northwestern  parts 
of  the  quadrangle  there  are  extensive  areas  of  country  thickly 
mantled  with  loose  sands.  These  sand  fields  are  the  eastern  por- 
tions of  a broad  belt  of  sands  that  extends  southwest  from  the 
region  of  Saratoga  lake  to  the  Mohawk  river.  To  a large  extent 
the  sand  is  heaped  in  dunes,  although,  along  the  eastern  margins 
of  the  tracts,  there  are  stretches  of  nearly  level  country  where  the 
sand  has  been  distributed  somewhat  evenly  over  the  underlying 
till  or  lacustrine  deposits.  Many  of  the  dunes  are  of  live  sand 
and  show  evidence  of  constantly  changing  size  and  position.  They 
exhibit  no  general  uniformity  of  shape  but  in  individual  cases  it 
may  be  observed  that  their  present  growth  is  toward  the  form  of 
a ridge  with  axis  corresponding  to  the  direction  of  the  prevailing 
strong  winds. 

For  the  most  part  these  sand  tracts,  especially  the  one  extending 
southward  from  Saratoga  lake,  are  uncultivated.  Only  the  marginal 
portions  of  the  areas  where  the  depth  of  sand  is  not  great  are  of 
any  important  agricultural  value.  The  native  vegetation  consists 
of  coarse  grasses  and  of  trees — pines,  white  birches  and  occasional 
oaks  and  maples.  These  trees  are  of  second  growth  and  are  mostly 
undersized  and  often  of  stunted  character. 

The  source  of  these  blown  sands  is  undoubtedly  from  deposits 
originally  made  in  Lake  Albany.  To  the  westward  from  the  sand 
fields  south  of  Saratoga  lake  there  is  a nearly  level  plain  (the 
Malta  plain,  Schenectady  sheet)  which  bears  evidence  of  having 
undergone  denudation.  The  inference  seems  warranted  that  much 
of  the  sand  of  this  field  has  been  transported  by  the  winds  from 
the  area  of  this  plain  to  its  present  location.  There  is  a similar 
relation  between  the  sand  region  north  of  Crescent  and  a leveled 
tract  to  the  west  on  the  area  of  the  Schenectady  quadrangle.  It 
is,  of  course,  also  to  be  considered  that  the  prevailing  strong  winds 
of  this  general  region  are  west  or  northwest. 

There  are  two  areas  of  wind-blown  sands  with  well-developed 
dunes  on  the  surface  of  the  Hoosic  delta  deposits.  Both  of  them 
lie  near  the  eastern  border  of  the  delta  region  and  are  evidently 
composed  of  fine  sands  that  have  been  sorted  from  the  delta 
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materials  by  winds  blowing'  from  the  west.  Their  locations  are 
shown  on  the  map.  In  other  portions  of  the  surface  of  the  delta 
there  are  occasional  dunes,  but  in  general  the  materials  of  the 
delta  are  too  coarse  to  be  lifted  by  the  winds. 

Alluvium.  The  Hudson  river  is  bordered  by  broad  valley  flats 
in  its  course  from  the  northern  edge  of  tire  sheet  as  far  as  Still- 
water. The  surface  materials  of  these  flats  are  the  fine  sediments 
or  silts  that  have  been  deposited  at  times  of  high  water  when  the 
river  overflowed  its  banks.  From  Stillwater  south  to  the  head  of 
tide  wa^cr  at  Troy  the  work  of  the  river  in  the  recent  epoch  has 
been  rather  to  lower  its  bed  by  erosion  than  to  build  up  a flood, 
plain.  Some  narrow  areas  of  alluvial  lands  occur  along  the  banks 
and  in  the  curve  of  the  river  north  of  Lansingburg  there  are  two 
islands  of  alluvial  origin. 

Along  the  Hoosic  river  the  flats  east  and  south  of  Schaghticoke 
constitute  an  interesting  physiographical  feature.  It  is  evident  that 
at  a former  time  the  river  described  a meander  both  on  its  right 
and  its  left  bank.  A factor  in  this  shifting  of  its  course  was  the 
rock  barrier  west  of  Schaghticoke  which  in  times  of  flood  held 
back  the  waters,  causing  the  river  to  overflow  its  banks  and  divert- 
ing its  currents  against  the  valley  slope.  As  this  barrier  was 
gradually  reduced  through  erosion,  forming  the  present  gorge,  the 
river  straightened  its  course.  The  meanders  were  cut  off  from 
the  main  channel  leaving,  however,  as  a remnant,  the  present 
linked  channels  on  the  north  flat. 

An  extensive  alluvial  flat,  representing  a recent  meander  of  the 
river,  occurs  along  the  Hoosic  in  its  lower  course.  As  observed 
on  the  left  bank  of  the  river,  the  soil  of  this  area  is  an  alluvium 
with  admixture  of  mold;  it  is  of  a high  degree  of  fertility  and  is 
cultivated  for  market  gardening  products. 

Swamps.  Areas  of  swampy  or  partially  drained  lands,  repre- 
senting glacial  lakes  or  ponds  which  have  been  filled  in  by  sedi- 
ments and  overrun  by  vegetation,  have  been  indicated  on  the  map 
as  far  as  observed. 


Pleistocen-e  Period  Present  Period 
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REVIEW  AND  SUMMARY 

The  following  is  a classification  of  stages  of  the  pleistocene 
period  and  present  period  as  recorded  on  the  area  of  the  Cohoes 
quadrangle : 


NAME  OF  STAGE 

Recent 


PROCESS 

Stream  and  wind 
erosion  and  depo- 
sition 


RECORD 

Alluvium,  wind- 
blown sands,  swamp 
muck 


Glacio-lacustrine 
Substage  e . . . . 


Substage  d . . . . 

Substage  c. . . . 

Substage  b . . . . 

Substage  a. . . . 

Wisconsin 

Pre- Wisconsin. . . 


Erosion  by  fluviatile  waters . 


Later  subsidence  of  Lake 

Albany 

Earlier  subsidence  of  Lake 

Albany 

Lacustrine  waters  occupy 

Hudson  valley 

Ice  lobe  occupies  Hudson 

valley 

Last  general  glaciation 

(Interglacial  interval) 


Erosion  terraces  and  eroded 
bottom  of  present  Hudson 
valley 

Lower  terrace 

Upper  terrace 

Lake  Albany  deposits 

Marginal  moraines 
Till 

Eroded  basin  of  Saratoga 
lake  (?) 


In  a previous  report1  the  writer  has  presented  what  seems  con- 
clusive evidence  that  the  Hudson  river  in  its  course  across  the 
southeastern  spur  of  the  Adirondack  mountains,  from  Corinth  to 
west  of  Glens  Falls,  occupies  a valley  cut  during  an  interglacial 
epoch,  immediately  preceding  the  last  or  Wisconsin  period  of  glacia- 
tion. On  the  area  of  the  Cohoes  quadrangle,  however,  no  certain 
evidence  of  an  earlier  period  of  glaciation  has  been  found.  But 
mention  may  be  made  of  the  possibility  that  the  rock  depression 
occupied  by  Saratoga  lake  is  a part  of  the  valley  eroded  by  the 
interglacial  Hudson  in  its  course  southward  from  the  place  of 
emergence  from  the  Adirondack  region  onto  the  Hudson  plain 
west  of  Glen  Falls.  It  has  been  thought  permissible,  in  the  classi- 
fication above  given,  to  recognize,  in  a tentative  way,  this  inter- 
pretation of  the  rock  basin  of  Saratoga  lake  with  which  may  be 
connected  that  of  Round  lake,  4 miles  farther  to  the  south.  Wood- 
worth  has  suggested  as  follows : It  seems  probable  that  Round 

and  Saratoga  lakes  are  unfilled  depressions  marking  the  site  of  an 
old  valley  west  of  the  present  Hudson  gorge.”2 

1 Glacial  Geology  of  the  Saratoga  Quadrangle.  N.  Y.  State  Mus.  Bui. 
183,  p.  30-35. 

2 Woodworth.  Op.  cit.  p.  76. 
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The  effects  of  a general  ice  sheet  moving  in  a north-south  direc- 
tion, whether  representing  only  the  last  invasion  of  the  ice  or  the 
last,  together  with  previous  invasions,  are  recorded  on  the  area  of 
the  Cohoes  quadrangle  in  the  smoothed  surfaces  of  rock  hills  and 
in  glacial  scratches.  The  drumlinized  forms  of  many  of  the  rock 
hills  are  conspicuous  to  the  eye  in  the  field  and  are  also  clearly 
indicated  by  the  contour  lines  of  the  topographic  sheet.  The  char- 
acter of  the  rocks  (indurated  shales  and  sandstones)  and  their 
steeply  inclined  planes  of  stratification  are  unfavorable  for  register- 
ing the  ice  movements  by  glacial  scratches  and  they  were  observed 
only  in  two  localities,  as  follows:  about  miles  northwest  of 
Stillwater,  on  the  surface  of  a projecting  mass  of  rock  in  a field 
south  of  the  highway  (see  map),  io°  west  of  south;  about  1^2 
miles  south  of  Valley  Falls  on  rock  at  roadside,  50  east  of  south. 

The  close  of  the  latest  period  of  general  prevalence  of  ice,  marked 
by  the  retreat  of  the  ice  sheet  to  the  north,  is  recorded  in  the 
materials  left  from  the  melting  ice  and  forming  the  till  sheet,  or 
ground  moraine  of  the  uplands  portions  of  the  quadrangle.  The 
recession  of  the  ice  front  appears  to  have  been  relatively  steady 
and  uninterrupted.  This  is  inferred  from  the  fact  that  there  is  no 
recessional  moraine  of  any  considerable  continuity.  In  a few  local- 
ities on  the  eastern  uplands  areas,  groups  of  hills  of  definite  mor- 
ainic character  occur,  evidently  marking  temporary  and  local  stand- 
ings of  the  ice  front. 

In  the  gradual  process  of  the  melting  of  the  ice  sheet  the  uplands 
were  bared  before  the  thicker  ice  filling  the  broad  valley  of  the 
Hudson  had  wasted.  A broad  and  deep  lobe  of  ice  thus  lingered 
in  the  valley,  probably  for  a long  time  after  the  upland  areas  were 
ice-free.  South  of  the  southern  limit  of  the  valley  ice,  and  con- 
stantly extending  northward  with  the  retreat  of  the  ice  lobe,  as 
well  as  spreading  laterally  over  depressed  areas  adjacent  to  the 
Hudson  valley,  gathered  and  for  a long  time  stood  at  a permanent 
level  the  body  of  waters  which  formed  Lake  Albany. 

Due  to  the  more  rapid  melting  of  the  ice  in  its  lateral  portions 
than  in  the  thicker  middle  portion,  the  ice  lobe  narrowed  gradually 
toward  its  southern  end  and  thus  were  formed  two  embayments 
of  the  lake  waters,  lying  on  either  side  of  the  elongated  wedge  of 
ice.  These  embayments  received  sediments  derived  from  the  melt- 
ing ice  and  especially  from  streams  from  the  north  which  developed 
in  the  depressions  between  the  lateral  margins  of  the  lobe  of  ice 
and  the  bared  land  slopes.  The  coarser  sediments  were  deposited 
in  the  upper  and  narrower  parts  of  the  embayments  while  the  finer 
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materials  were  carried  farther  and  laid  down  in  the  quiet  waters 
lateral  to  the  dwindling  end  of  the  .ice  lobe.  As  a general  result 
of  this  sorting  of  the  sediments,  the  materials  deposited  on  the 
floor  of  the  upper  and  outer  portion  of  the  preglacial  valley  of  the 
Hudson  are  coarser  (sands  and  clays  of  the  upper  terrace)  than 
those  which  form  the  filling  of  the  inner  portion  of  the  valley 
(brick  clays  of  the  lower  terrace)-.  The  latter  were  added  to,  how- 
ever, at  a later  time,  by  depositions  of  fine  sediments  from  the 
midcurrents  of  Lake  Albany. 


Fig.  8 Sketch  map  showing  the  distribution  of  land  and  water  on  the 
areas  of  the  Schenectady  and  Cohoes  quadrangles  when  Lake  Albany  was 
at  the  height  of  its  development,  its  level  corresponding  to  the  present 
360-foot  contour. 

When  the  ice  lobe  had  melted  back  beyond  the  northern  limit  of 
the  quadrangle,  all  parts  of  the  area  the  elevation  of  which  is 
below  approximately  360  feet  on  the  northern  portion  of  the  present 
map  and  320  feet  in  the  southern  were  covered  by  the  waters  of 
Lake  Albany.  The  lake  waters  rose  beyond  the  height  of  the 
western  marginal  boundary  of  the  preglacial  rock  valley  of  the 
Hudson  and  extended  in  two  broad  sheets  westerly,  communicating 
with  the  expanse  of  Lake  Albany  that  overspread  the  eastern  and 
southern  portion  of  the  area  of  the  Schenectady  quadrangle.  The 
body  of  waters  thus  developed  received  the  Hoosic  river  at  its 
eastern  border  and  the  flooded  Iroquois-Mohawk  (then  the  outlet 


44 


NEW  YORK  STATE  MUSEUM 


of  the  great  interior  glacial  lakes)  at  its  western  border.  Each  of 
these  streams  built  extensive  deltas  into  the  lake.  The  magnitude 
of  these  deltas  affords  evidence  of  a prolonged  period  of  stable  con- 
ditions of  the  Lake  Albany  waters. 

When  at  length  the  waters  of  Lake  Albany  began  to  subside  the 
great  deltas  emerged  as  land  surfaces.  The  emergence  of  the  delta 
of  the  Mohawk  influenced  greatly  the  subsequent  drainage  history 
of  the  Mohawk-Hudson  region.  As  the  waters  shallowed  at  the 
head  of  the  delta  near  Schenectady,  the  checked  Iroquois-Mohawk 


Fig.  9 Sketch  map  showing  aerial  extent  of  Lake  Albany  and  drainage 
courses  on  the  areas  of  the  Schenectady  and  Cohoes  quadrangles  at  the 
time  when  the  Lake  Albany  waters  had  subsided  to  the  level  represented 
by  the  present  320-foot  contour. 

currents,  impeded  by  their  own  deposits,  were  diverted  northeast- 
ward through  the  Ballston  channel,  the  latter  opening  into  Lake 
Albany  in  the  Saratoga-Round  Lake  region.  At  the  same  time, 
due  to  partial  obstruction  of  the  Ballston  channel  by  sediments,  a 
spillway  across  the  barrier  of  rocks  at  Aqueduct  was  formed  and 
a portion  of  ihe  Mohawk  waters  discharged  into  Lake  Albany  at 
Vischcr  Ferry. 

The  northward  course  of  the  Mohawk  waters  continued  for  a 
long  time.  As  the  subsidence  of  Lake  Albany  progressed,  bringing 
to  the  surface  the  lake  bottom  in  the  region  of  East  Line,  the  cur- 
rents eroded  channels  in  the  lacustrine  deposits  and  eventually 
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the  main  course  became  established  in  the  channel  extending  south- 
easterly to  the  Round  Lake  inlet  of  Lake  Albany.  At  a later  time, 
with  a further  subsidence  of  the  lake  waters,  the  Iroquois-Mohawk 
eroded  out  the  broad  and  deep  valley  now  followed  by  Anthony 
kill. 

The  Hoosic  river,  unlike  the  Mohawk,  maintained  its  course 
across  the  emerged  area  of  the  delta,  repeatedly  shifting  its  channel 
from  side  to  side  and  thus  building  a series  of  terraces. 

The  subsidence  of  the  Lake  Albany  waters  took  place  inter- 
mittently, as  is  shown  by  the  distinctly  terraced  forms  of  the 


Fig.  io  Sketch  map  showing  Lake  Albany  and  drainage  courses  on  the 
areas  of  the  Schenectady  and  Cohoes  quadrangles  when  the  lake  waters  had 
subsided  to  the  level  represented  by  the  present  240-foot  contour. 


deposits.  With  the  withdrawal  of  the  waters  to  the  level  now 
represented  by  the  300-foot  contour,  or  somewhat  lower,  the  outer 
portions  of  the  lake  bottom  in  which  the  coarser  sediments  had 
been  deposited  emerged  as  land  surface.  Thus  originated  the 
present  upper  terrace  of  the  Hudson  valley. 

At  the  nexr  stage  of  marked  subsidence,  when  the  water  had 
receded  to  the  level  represented  by  the  240-foot  contour,  or  some- 
what lower,  the  more  even  portion  of  the  lake  bottom  which  had 
been  built  up  by  deposition  of  the  finer  sediments,  emerged  as  land 
surface,  forming  the  plain  of  the  lower  or  brick  clay  terrace. 
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The  lake,  then  greatly  narrowed,  began  to  take  on  the  char- 
acter of  a broad  river  and  strong  currents,  coming  both  from  the 
north  and  from  the  Iroquois-Mohawk  which  still  discharged  into 
the  Hudson  waters  at  Mechanicville,  cut  deeply  into  the  sediments 
still  filling  the  midportion  of  the  general  Hudson  valley. 

As  a result  of  downcutting,  symmetrical  erosion  terraces  were 
developed  at  two  levels  on  opposite  sides  of  the  valley  at  Mechanic- 
ville. The  locations  and  configurations  of  these  terraces  show 


Fig.  ii  Sketch  map  showing  drainage  of  the  areas  of  the  Schenectady 
and  Cohoes  quadrangles  and  breadth  of  waters  occupying  valleys  when  Lake 
Albany  had  receded  to  the  level  represented  by  the  present  ioo-foot  contour 
line  and  had  taken  on  the  character  of  a broad  river.  The  Mohawk  river 
had  lowered  its  gorge  at  Aqueduct  to  the  300-foot  level. 

conclusively  that  they  were  the  work  of  the  Iroquois-Mohawk 
currents  and  establish  the  fact  that  the  postglacial  body  of  waters 
of  the  Hudson  valley  became  greatly  diminished  prior  to  the  time 
of  the  opening  of  the  channel  northward  to  the  Adirondack  region 
as  the  outlet  of  the  waters  of  the  great  interior  lakes. 

The  spillway  across  the  rock  barrier  at  Aqueduct  gradually  deep- 
ened, through  erosion,  into  a gorge  of  capacity  sufficient  to  contain 
the  volume  of  the  Mohawk  waters.  The  flooded  currents  cut  a 
broad  path  through  the  lacustrine  deposits  southeast  of  Crescent, 
laying  bare  the  rock  floor  of  the  preglacial  Hudson  valley.  Where 
the  river  flowed  over  the  rocky  slope  which  marked  the  rim  of  the 
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ancient  valley  a falls  developed  which,  through  recession,  formed 
the  present  falls  and  gorge  of  the  Mohawk  at  Cohoes. 

The  stage  of  flooded  waters  in  the  Mohawk  valley  lasted  until 
the  general  ice  sheet  had  retreated  to  the  north  so  far  as  to  open 
a passage  for  the  overflow  waters  of  the  great  interior  lakes  north 
of  the  Adirondack  region,  thus  diverting  the  outlet  to  the  sea  from 
the  Mohawk  valley. 

Whether  flooded  waters  continued  for  a still  longer  time  in  the 
Hudson  valley  depends  upon  whether  the  northern  outlet  of  the 
great  lakes,  when  first  opened,  connected  with  the  sea  through  the 
St  Lawrence  basin  as  now  or,  for  a time,  found  a course  to  the  sea 
through  the  Champlain-Hudson  valley.  Assuming  the  latter  case, 
there  is  no  evidence  that  the  flooded  waters  ever  rose  to  a level 
higher  than  the  foot  of  the  clay  bluffs  bordering  the  present  valley 
floor  of  the  Hudson. 
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THE  PALEOZOIC  ROCKS  OF  THE  CANTON 
QUADRANGLE 

BY  G.  H.  CHADWICK 

INTRODUCTION1 

The  Canton  quadrangle  lies  in  the  St  Lawrence  valley,2  between 
the  parallels  of  440  30'  and  440  45'  north  and  the  meridians  of 
750  and  75 0 15'  west.  In  its  southeast  corner  begin  to  rise  the 
hills  that  mark  the  declining  north  edge  of  the  Adirondack  upland.2 
Of  the  two  physiographic  areas  mentioned,  the  valley  is  a drift- 
mantled  peneplain  cut  in  the  softer,  Paleozoic  sedimentary  rocks ; 
the  upland  is  a dissected  Cretaceous  peneplain  of  the  hard,  Pre- 
cambrian  gneisses.  A third,  vastly  older  (pre- Potsdam)  and  sub- 
sequently deformed,  peneplain  is  represented  here  at  the  contact 
of  the  Paleozoic  rocks  with  the  underlying  crystalline  Precambrians, 
and  is  now  reexposed  over  a part  of  the  quadrangle  by  removal  of 
the  Paleozoic  cover.  The  village  of  Canton  is  situated  at  the 
approximate  merging  point  of  all  three  of  these  plains,  the  signifi- 
cance and  history  of  which  are  discussed  on  a later  page.  (See 
figure  2.) 

2To  Doctor  Martin,  interpreter  of  the  crystalline  rocks  of  the  same 
area,  to  Doctor  Ruedemann  and  Doctor  Ulrich,  paleontologists  respec- 
tively of  the  state  and  national  surveys,  to  Professor  Cushing,  his  prede- 
cessor, and  to  Doctor  Clarke,  his  chief,  the  writer  gladly  acknowledges  his 
indebtedness.  Valuable  aid  has  been  received  also  from  the  residents  of 
the  territory  studied,  particularly  the  following:  Prof,  and  Mrs  C.  S. 

Phelps,  Rev.  C.  H.  Fenton,  G.  A.  Manley  and  Alexander  Veitch  of  Can- 
ton, O.  A.  Babcock  of  Madrid,  and  two  of  my  students  who  served  with- 
out pay  in  the  field,  Erie  M.  Billings  and  John  A.  Shea.  To  these  and 
all  others  who  assisted  I would  record  my  gratitude. 

G.  H.  C. 

2 N.  Y.  State  Mus,  Bui.  168,  p.  22,  fig.  2,  opp.  p.  15. 
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The  present  relief  of  the  surface  is  moderate.  In  the  northern 
portion  of  the  map  the  irregularities  are  seldom  due  to  rock  but 
represent  almost  entirely  a drumlinized  morainal  blanket,  the  work 
of  the  latest  ice  sheet.  In  the  southern  part  they  are  rock  hills, 
with  a few  conspicuous  exceptions  like  the  Waterman  Hill  drum- 
lin.  Benway  hill,  the  highest  point,  in  the  extreme  southeast  corner, 
constitutes  a “ monadnock  ” or  erosional  remnant  rising  above  the 
Cretaceous  peneplain  and  giving  a minimum  measure  for  the 
earlier  pre-Potsdam  peneplain  in  that  direction. 


Fig.  i Key  map  of  northern  New  York  showing  location  of  the  Canton 
quadrangle  and  the  belts  of  Paleozoic  rocks  adjacent  thereto  (Geology 
after  Logan  and  Merrill) 

While  there  are  many  eccentricities  in  the  water  courses,  in  gen- 
eral the  drainage  lines  are  controlled  at  the  south  by  the  rock 
topography,  which  is  in  turn  largely  influenced  by  rock  structure 
and  hardness ; whereas  at  the  north  even  the  larger  streams  wander 
in  fortuitous  pathways  among  the  drumlins  and  are  let  down  upon 
bedrock  at  irregular  intervals,  thus  giving  rise  to  waterpowers 
determining  the  location  of  the  early  settlements.1  The  gradually 

1 The  broader  story  of  the  geography  and  settlement  of  the  county  has 
been  set  forth  by  Edgar  G.  Blankman  in  his  “ Geography  of  St  Lawrence 
County.” 
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curving  courses  of  the  Grass  and  Raquette  rivers  to  their  mouths, 
after  leaving  the  crystalline  rocks,  agree  so  nearly  with  the  curving 
orientation  of  the  drumlins  as  to  need  no  better  explanation,  though 
within  the  map  limits  the  Raquette  is  for  a space  bandied  back  and 
forth  among  the  drumlins.  The  lowest  point  on  the  map  is  not 
on  either  of  these  principal  rivers  but  at  the  exit  of  Trout  brook, 
intermediate  between  them.  Even  in  the  southern  part  the  drain- 
age is  not  wholly  adjusted  to  the  rock  belts,  for  its  devious  chan- 
nels there  are  determined  in  part  by  glacial  and  postglacial  deposits, 
including  the  delta  sand  plains  built  by  the  streams  themselves 
awhile  ago  into  the  lowering  series  of  glacial  lake  and  marine  water 
levels  whose  history  is  summarized  beyond. 

In  the  nature  of  its  Paleozoic  rock  geology  the  Canton  district 
is  intermediate  or  transitional  in  type  from  an  extensive  belt  on 
the  east  where  the  Paleozoics  are  said1  to  abut  continuously  against 
a rather  abrupt  Precambrian  front  from  which  they  decline  quite 
steadily  northward  presenting  linear  zones  of  outcrop,  to  a mark- 
edly different  area  at  the  southwest  where2  the  Paleozoic  rocks,  at 
least  the  so-called  Potsdam,  are  somewhat  folded  and  now  largely 
cut  up  by  erosion  into  scattered  outliers  among  the  crystallines.3 


Fig.  2 Diagrammatic  north-south  profile  showing  the  relations  of  the  three 
peneplains  in  the  vicinity  of  Canton;  drift  omitted.  The  peneplains  are 
numbered  in  order  of  age.  (Vertical  scale  greatly  exaggerated) 


The  transition  is  accompanied  by  a sharp  offset  in  the  formation 
boundaries  as  they  enter  our  quadrangle  from  the  east  (see  the 
key  map,  figure  i),  signifying  the  emergence  at  this  point  of  a 
rugged  sub-Potsdam  surface  that  seems  to  be  deeply  buried  in 

1 i6th  Rep’t  N.  Y.  State  Geologist,  p.  5-6,  15,  and  the  map.  Also  N.  Y. 
State  Mus.  Bui.  95,  p.  433 — 34. 

2 19th  Rep’t  N.  Y.  State  Geologist,  map  opp.  p.  r8s.  Also  13th  Rep’t 
ibid.,  p.  496  and  map  opp.  p.  492. 

3 16th  Rep’t  cit.,  p.  6.  Also  59th  Rep’t  N.  Y.  State  Mus.,  p.  10,  and 
N.  Y.  State  Mus.  Bui.  145,  p.  1 12—15 1 maps.  Compare  also  the  paper  by 
Brooks  in  Amer.  Jour,  of  Sci.,  4:24  (1872). 
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that  direction.  In  short,  whereas  the  Paleozoic  frontier  corresponds 
with  the  margin  of  the  St  Lawrence  valley  as  far  west  as  the 
Raquette  river,  there  these  two  suddenly  part  company,  the  Pre- 
cambrian  exposures  extending  down  into  and  becoming  a part  of 
the  valley  floor  but  preserving  many  Paleozoic  remnants  in  their 
hollows.  At  the  same  time,  as  noted  by  Cushing,1  a folded  group 
of  weaker  Grenville  metasediments  appears  intercalated  in  the 
massive  Saranac  gneisses  that  have  alone  formed  the  Precambrian 
on  the  east ; and  it  is  probably  these  weaker  crystalline  zones  yield- 
ing more  readily  to  compression  that  have  occasioned  the  undula- 
tions in  the  overlying  strata.2  Smooth  zones  of  outcrop  with  incon- 
spicuous dips  therefore  give  way  to  vigorous  zigzags  and  visible 
tiltings  while  both  outliers  and  inliers  become  frequent.  With  the 
more  nearly  complete  substitution  of  Grenville  rocks  for  gneiss  as 
we  pass  southwestward  into  the  town  of  Gouverneur  the  Paleozoic 
embed  is  again  offset  toward  the  St  Lawrence  and  the  archipelago 
of  outliers  reaches  its  fullest  development.  It  will  be  seen  that 
the  transition  span  accordingly  includes  also  the  Ogdensburg  quad- 
rangle next  west,  recently  mapped  by  Professor  Cushing.3 

THE  GEOLOGICAL  FORMATIONS 

General  Statements 

Five  divisions  are  recognized  in  the  Paleozoic  rocks  of  the  Can- 
ton quadrangle  as  colored  on  the  map.4  These  are,  in  ascending 
order:5 6  the  Potsdam  sandstones,  the  Theresa  mixed  beds,  the 
Heuvelton  white  sandstone,  the  Bucks  Bridge  mixed  beds,  the 
Ogdensburg  dolomite. 

In  age,  these  rocks  range  from  Cambrian  (Ozarkian  of  Doctor 


1 On  p.  6 of  the  i6th  report,  before  cited. 

2 Geol.  Soc.  of  Amer.  Bui.  26,  p.  290-94. 

* N.  Y.  State  Mus.  Bui.  191. 

4 Two  other  possible  formations  are  suggested  in  the  text,  one  the 
upper  or  white  Potsdam,  which  may  require  separate  recognition,  the 
other  the  mass  of  Trenton  shaly  limestone  at  locality  4,  recorded  on 

page  39. 

6 Geol.  Soc.  of  Amer.  Bui.  26,  p.  289.  For  convenience  of  the  reader 
the  position  of  these  divisions  in  the  standard  time-scale  is  indicated  by 
the  italics  below: 

Precambrian  time  (Rocks  described  in  Bulletin  185) 

Paleozoic  time 

Cambrian  period:  Georgian  epoch 

Acadian  epoch 
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Ulrich1)  to  early  Ordovician  (Canadian1).  The  Potsdam  and 
Theresa  formations  are  currently  referred  to  the  former  and  the 
Ogdensburg  or  upper  Beekmantown  limestone  is  a typical  repre- 
sentative of  the  latter,  but  there  is  still  some  doubt  as  to  the  exact 
position  of  the  intervening  two,  as  explained  beyond.  Briefly  it 
may  be  said  that  the  Heuvelton  seems  linked  stratigraphically  with 
the  Theresa  below,  though  its  few  fossils  suggest  a later  age ; while 
the  Bucks  Bridge  beds  are  approximately  what  has  been  called 
“Tribes  Hill  ” in  Jefferson  county  and  are  therefore  probably 
Canadian,  though  they  may  prove  not  to  be  a unit. 

These  Paleozoic  formations  occupy  in  general  the  northern  two- 
fifths  of  the  Canton  quadrangle  (localities  i to  68  of  our  map)  but 
under  a nearly  unbroken  drift  cover  so  that  exposures  there  are 
very  few.  In  the  southern  half  of  the  quadrangle  where  outcrops 
are  more  frequent  are  also  several  outliers  of  the  Potsdam  sand- 
stones (localities  69  to  89)  resting  upon  the  crystallines,  but  these 
sandstones  are  either  absent  or  thoroughly  concealed  in  the  northern 
belt,  so  that  the  sequence  between  them  and  the  Theresa  beds  is 
here  interrupted  and  must  be  inferred  from  neighboring  areas, 
where  they  are  found  to  pass  gradually  up  into  the  latter  without 
break  or  unconformity.2 

Over  the  northern  area  the  general  attitude  of  the  beds  is  nearly 
horizontal,  with  dips  averaging  1 or  2 degrees  and  seldom  exceed- 
ing 4 or  5,  though  a dip  of  12  degrees  has  been  measured ; but  these 
dips  are  in  all  directions  and  continually  changing.  They  thus 
indicate  a series  of  gentle  undulations  of  irregular  character,  low, 
pitching  folds  and  domes,  which  it  becomes  practically  impossible 

Saratogan  epoch  ( Potsdam , Theresa  and 

Little  Falls) 

Ordovician  period:  Canadian  epoch  ( Tribes  Hill,  Beekman- 

toum  and  Chazy) 

Mohawkian  epoch  (Black  River  and 
Trenton) 

Cincinnatian  epoch 

Silurian  period 
Devonian  period 
Carboniferous  period 

Mesozoic  time  (Triassic,  Jurassic  and  Cretaceous). 

Cenozoic  time  (Tertiary,  Glacial,  Postglacial  and  Recent). 

But  Doctor  Ulrich  proposes  to  insert  an  Ozarkian  period  between  the 
Cambrian  and  Ordovician,  and  to  refer  to  it  our  Saratogan  rocks.  He  also 
considers  the  Canadian,  exclusive  of  the  Chazy,  as  a distinct  period.  See  next 
footnote. 

1 Geol.  Soc.  of  Amer.  Bui.  22,  p.  627,  647. 

2 N.  Y.  State  Mus.  Bui.  145,  p.  66. 
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to  trace  in  detail  across  the  concealed  spaces.  Away  from  the 
actual  outcrops  the  map  boundaries  have  to  be  generalized,  with 
a result  far  from  satisfactory.  But  the  dominant  strike  is  every- 
where northeast  and  southwest,  showing  that  the  axes  of  the 
stronger  system  of  folds  correspond  roughly  with  the  belts  of  the 
underlying  crystalline  rocks  and  are  approximately  parallel  to  the 
general  direction  of  the  St  Lawrence  valley.  It  is  these  stronger 
folds  that  are  apparent  in  the  zigzags  of  the  geologic  map  and 
in  the  colored  cross  section  diagrams,  in  which  is  also  evident 
the  gradual  decline  of  the  whole  series  to  the  northward,  where 
although  the  land  is  lower  the  higher  beds  appear.  But  another 
set  of  weaker  waves  is  gridironed  across  these,  shown  by  the  fact 
that  at  several  points  (for  example,  localities  52  and  59)  upward 
domings  of  the  strata  (particularly  where  unroofed  by  stream 
trenching)  .reveal  inliers1  of  the  layers  or  formations  below,  while 
at  others  (as  localities  30  and  23)  occur  erosional  remnants  or 
outliers  of  the  higher  formations  filling  sags  in  those  beneath.  Could 
the  obscuring  drift  mantle  be  lifted  the  number  of  such  isolated 
patches,  inliers  or  outliers,  would  undoubtedly  be  found  much 
greater  than  now  known,  and  the  actual  boundaries  of  the  forma- 
tions far  more  complex  than  portrayed  on  the  basis  of  the  visible 
evidence.  This  is  likely  the  real  reason  why  in  the  map  the  strata 
appear  so  much  more  involved  along  the  eastern  margin  of  the 
sheet  where  the  Raquette  river  unmantles  them  than  along  the 
riverless  western  border. 

It  is  to  be  noted  in  passing  that  these  rocks  represent  but  the 
basal  portion,  spared  by  erosion,  of  a great  series  of  sedimentary 
strata  perhaps  thousands  of  feet  thick  that  have  been  eroded  away 
from  over  this  region.  Only  beneath  such  a superincumbent 
“ load  ” could  the  layers  have  been  so  folded  or  the  lower  sand- 
stones so  thoroughly  consolidated.  These  beds  rested  upon  the 
more  ancient  Precambrian  crystallines,  as  they  do  today  over  the 
areas  from  which  they  have  not  since  been  stripped  by  erosion. 
The  smaller  residual  patches  (70  to  89)  in  the  southern  half  of 
the  quadrangle,  beyond  the  edge  of  the  main  mass,  prove  the  former 
extension  of  the  Paleozoic  cover  in  this  direction.  These  consist 
entirely  of  the  Potsdam  sandstones,  now  to  be  described,  and 
they  are  considerably  more  disturbed  than  the  strata  to  the  north, 
dips  of  30  degrees  being  not  uncommon. 

1 A suggestive  paper  on  inliers,  by  Doctor  Ruedemann,  is  contained  in 
N.  Y.  State  Mus.  Bui.  133,  p.  164. 
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Potsdam  Sandstones 

This  name  is  here  used  in  the  plural  because  of  the  growing 
probability  that  the  formation  as  at  present  understood  is  not  a 
unit,  and  also  because  of  its  varied  lithologic  expression. 

The  exposures  of  these  rocks  within  the  quadrangle  are  limited 
entirely  to  outliers,  unless  those  in  the  Grass  river  near  the  county 
house  (locality  69)  are  connected  with  the  main  mass  of  Paleozoic 
rocks  on  the  north.  The  remaining  outcrops  are  isolated  from 
the  general  embed,  forming  scattered  patches  whose  relations  and 
character  are  of  peculiar  interest. 

One  of  the  most  extensive  of  these  Potsdam  outliers  lies  about 
two  miles  south-southeast  from  Canton  village  (localities  76  to 
80)  but  is  badly  drift  covered,  with  the  outcrops  in  five  or  six 
separated  groups  that  bear  little  resemblance  to  one  another.  At 
locality  77  all  the  exposures  show  the  white  saccharoidal  sand- 
stone of  the  upper  “ Potsdam  ” dipping  uniformly  southward  about 
5 degrees,  without  any  sign  of  faulting.  The  actual  contact  with 
the  vertical  reddish  quartzose  Grenville  rocks  beneath  is  seen  at 
the  north  end.  One-half  of  a mile  south,  at  locality  76,  are  glaciated 
ledges  of  a much  more  indurated  red  quartz  sandstone  full  of  micro- 
faulting,  forming  an  “ aut'oclastic  ” rock.  The  lowest  ledge  is  very 
red  typical  Potsdam ; higher  up  are  hematitic  iron  spherules  in  a 
whitish  layer;  banding  is  common  and  some  of  the  most  brecciated 
portions  are  gray  rather  than  red.  In  the  field  to  the  east  a small 
surface  just  above  the  soil  is  flesh  pink,  its  glacial  polish  like  glass 
indicating  intense  induration.  In  attitude,  these  beds  of  locality  76 
appear  to  surmount  the  white  layers  of  the  previous  locality,  but 
in  every  other  way  they  look  to  be  much  older  and  it  seems  safe 
to  assume  that  the  dip  changes  in  the  interval,  if  indeed  the  two 
formations  are  not  totally  unconformable. 

One  and  one-fourth  miles  due  east,  at  locality  80,  it  is  possible 
to  work  out  a fairly  strong  anticline  and  syncline  in  rather  similar 
indurated  and  microfaulted  beds  of  various  red,  buff  and  leaden 
colors,  as  is  shown  in  the  cross-section  diagram  of  this  locality  in 
pocket.  This  diagram,  drawn  to  scale  without  exaggeration,  shows 
the  true  dips,  at  some  points  exceeding  30  degrees.  A core  of  red 
jaspery  quartzite  protrudes  through  layer  C at  the  east  end  north 
of  the  line  of  section.  Not  far  southwest  of  the  west  end,  across 
the  brooklet,  is  a small  exposure  of  white  to  p nk  sandstone  more 
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nearly  horizontal  and  perhaps  belonging  to  the  upper  series.  The 
total  section  here  was  measured  as  follows: 


shown  in  diagram 


M i foot  Light  red  sandstone  \Not 
L 2 feet  White  or  gray  sandstone/ 

K Concealed  (unknown  amount) 

J io  feet  Conglomerate,  red-brown  matrix,  with  pebbles  of 

white  quartz  and  red  sandstone 

I 5 “ Brownish  orange  sandstone  with  black  and  white 

specks 

H 3 “ Uniformly  dark  leaden  purple  sandstone 

G\io  «/ Brilliant  orange-red  sandstone 

F J /Concealed,  combined  with  preceding  in  total  estimate 
E 5 “ Reddish,  buff  etc.,  rather  banded  sandstone,  containing 

D io  “ occasional  white  quartz  pebbles 
C IO  “ Similar 

B 15  “ Concealed,  estimated 

A 10  “ Similar  to  C,  rather  light  colored.  Base  concealed 


Total  78  feet,  not  including  K,  L and  M 


Special  attention  should  be  called  to  the  conglomerate  J,  which 
although  represented  as  conformable  in  the  diagram,  has  not  been 
proved  to  be  so,  and  by  carrying  some  pebbles  of  red  sandstone 
similar  to  the  undoubted  Potsdam  beneath  adds  one  more  point 
to  the  accumulating  evidence  that  there  is  a break  between  this 
and  the  widely  distributed  upper  so-called  “ white  Potsdam  ” beds. 

A sandstone  closely  resembling  G of  the  above  section  has  been 
quarried  at  the  most  northerly  of  the  group  of  outcrops  included 
in  locality  79,  north  of  the  preceding.  The  other  outcrops  of  this 
group  on  the  south  side  of  the  road  do  not  in  fact  show  any  sand- 
stone at  all,  in  place,  though  fragments  abound  in  the  plowed  fields, 
but  we  have  here  the  remains  of  some  of  the  ferruginous  basal 
contact  masses  that  are  presently  to  be  described,  half  veiling  an 
islandlike  knoll  of  Grenville  marble  and  quartzite  and  carrying  a 
workable  body  of  red  iron  ore,  by  the  roadside. 

Northwest  of  this  group  is  an  old  quarry  in  red  or  purplish- 
banded  sandstone  of  ordinary  Potsdam  type  on  Judge  Hale’s  farm, 
locality  78.  This  rock  also  is  faulted,  and  the  color  bands  show  a 
secondary  intersecting  set  running  steeply  across  the  bedding  ones, 
as  in  the  Unkpapa  sandstone  of  the  Black  hills.  Some  at  least  of 
the  multitudinous  little  faultslips  at  this  quarry  appear  to  have 
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occurred  while  the  sand  was  as  yet  unconsolidated,  so  that  all  the 
layers  have  been  stretched  or  dragged,  along  a zone  of  appreciable 
width.  In  the  glacial  kame  sands  of  Cobb’s  hill,  Rochester,  similar 
faulting  is  demonstrably  due  to  ice  thrust;  but  it  does  not  follow 
that  the  same  agency  operated  in  these  Paleozoic  sands. 

A mile  south,  at  Mr  Martin’s  place,  locality  81,  there  crops  up 
a vitreous  exceedingly  tough  cream-white  sandstone  or  quartzite, 
without  visible  bedding.  Its  relations  to  all  other  exposures  are 
unknown,  but  it  is  not  to  be  confused  with  the  more  metamorphosed 
Grenville  quartzites. 

The  above  outcrops  have  been  described  in  detail  because  they 
afford  many  of  the  chief  types  of  rocks  included  under  the  name 
“ Potsdam  sandstones  ” and  illustrate  the  rapidity  of  variation  in 
short  distances  or  in  successive  layers.  Together  they  constitute 
an  instructive  and  easily  accessible  group,  presumably  a single  out- 
lier, closely  surrounded  on  all  sides  by  the  outcrops  of  the  crystal- 
lines and  underlaid  mostly  by  the  weaker  Grenville  limestones. 

Beginning  with  the  area  just  described  and  extending  thence 
southwestward  in  a direct  line  up  the  strike  valley  of  the  Grass 
river  and  Harrison  creek,  following  the  marble  belt,  is  a chain 
of  at  least  five  other  Potsdam  remnants,  four  of  them  (72-75) 
within  the  limits  of  the  quadrangle  and  the  fifth  (71)  just  outside. 
Doctor  Martin  reports  another  a mile  farther  up  the  valley.  The 
suggestion  that  these  remnants  sketch  the  course  of  a pre-Potsdam 
valley  is  strengthened  as  one  sees  the  old  gneissic  rocks  rising, 
sometimes  a hundred  feet  higher,  on  either  hand  and  the  sand- 
stone abutting  against  their  slopes  with  interesting  contact 
phenomena. 

Each  member  of  this  chain  is  individual.  At  the  nearest  (locality 
75),  on  the  south  bank  of  the  Grass  river  a mile  southwest  of  the 
large  area  already  described,  there  is  a heavy  ledge  of  white  Pots- 
dam with  small  dip  to  south  running  almost  “ end  on  ” into  a steeply 
dipping  mass  of  deep  red  basal  Potsdam  striking  approximately 
at  right  angles  to  the  white,  with  merely  a shallow  gully  intervening. 
There  are  suggestions  of  a coarse  conglomerate  (see  plate  3)  at 
the  base  of  the  white  beds,  quite  different  from  the  talus  breccia 
(plates  5 and  6)  at  the  bottom  of  the  red  immediately  adjoining. 
But  the  question  of  an  unconformity  here  between  white  and  red 
is  still  debatable.  Just  south  of  the  white  ledge  lies  a large  rec- 
tangular block  that  shows  a few  sinuous  worm  trails,  the  only 
fossil  seen  in  the  “ Potsdam  ” rocks  of  our  area. 
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A mile  and  one-half  above  on  the  same  side  of  the  river,  due 
north  of  Pyrites,  is  a varied  display  of  the  basal  contact  stuff 
shading  off  into  red  sandstone  (locality  74).  Some  of  the  rock 
is  deep  blood  red  with  large  pebbles  of  pure  white  quartzite.  A 
mile  farther,  at  the  road  corners  on  the  north  side  of  Harrison 
creek  (locality  73)  a small  bit  of  the  same  contact  material  is 
reported  by  Doctor  Martin.  Another  mile  above,  on  the  south  bank 
and  protruding  barrierlike  across  the  valley  (locality  72),  is  a 
plicated  mass  of  considerable  thickness,  chiefly  of  very  light  or 
red  sandstone  somewhat  microfaulted,  without  conglomerates,  but 
in  part  weak  and  thin-bedded.  Although  this  area  is  isolated  from 
the  surrounding  crystallines  by  a valley  on  all  sides  (contouring 
erroneous),  a quartzite  core  appears  in  it  as  usual,  consisting  as 
so  frequently  of  the  red  jaspery  variety,  though  ordinary  white 
vitreous  quartzite  is  also  present.  Presumably  these  quartzite 
cores  have  retarded  glacial  removal  of  the  Potsdam  patches.  In 
the  western  outcrops  of  this  area  the  beds  are  pink  or  cream  color 
like  those  of  the  upper  division.  The  highest  dips  measured,  some 
as  high  as  30  degrees,  were  in  the  redder  layers  and  toward  the 
.southeast,  alternating  repeatedly  with  lesser  dips  in  the  opposite 
direction  which  indicate  a succession  of  anticlines  and  synclines. 
This  plication  seems  to  have  resulted  from  compression  of  the 
underlying  marble  belt.1  The  two  remaining  areas  (71  and  one 
not  shown)  outcrop  off  the  map,  as  learned  from  Doctor  Martin. 

The  prolongation  of  this  chain  northeastward  is  covered  by  drift, 
except  the  tiny  occurrence  of  iron-charged  contact  stuff  in  the 
state  road  gutter  at  the  cemetery  crossing  east  of  Canton  (locality 
70).  The  remaining  exposures  lie  well  to  the  east  and  southeast, 
that  near  the  county  house  excepted.  Old  quarries  in  red  to  whitish 
layers  are  located  on  the  Bullis  farm  at  the  foot  of  Waterman  hill 
(83)  and  on  the  Spaulding  farm  (82)  a mile  and  one-third  north. 
A mile  northeast  of  the  latter  the  bed  of  Grannis  brook  is  on  Pots- 
dam above  the  mouth  of  Boyden  brook  as  far  as  the  road  to  Crary 
Mills2  (locality  89).  The  strata  are  much  disturbed,  with  dips 
in  various  directions,  making  discontinuous  exposures  in  the  bed 
of  the  brook  visible  at  low  water.  The  chief  interest  in  the  locality 

1 Geol.  Soc.  of  Amer.  Bui.  26,  p.  292-93. 

2 1 am  indebted  to  Mrs  C.  S.  Phelps  for  the  notes  on  this  locality,  which 
had  been  overlooked. 


Plate  i 


A.  Basal  Potsdam  conglomerate  resembling  a tillyte,  at  Mr  Dillabaugh’s 
(locality  85),  south  of  Pierrepont 

The  main  ledge  lies  just  behind,  in  the  trees.  (Looking  north  by  east) 
See  pages  15  and  43. 


B.  Potsdam  boulder  in  rear  of  Mr  Dillabaugh’s 

One  of  a large  cluster  derived  from  the  ledge  of  the  preceding  view,  which 
lies  to  the  left  (across  the  road)  in  the  trees,  at  the  foot  of  the  Precambrian 
cliff. 

The  knoll  on  which  the  house  stands  is  Grenville  limestone.  (Looking  south- 
east) • 

See  pages  15  and  50. 
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Plate 


the  bridge  southeast  of  Beach  Plains  church 
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lies  in  the  occurrence  here  of  the  “ tree  trunk  ” concretions 
described  by  Hough,1  Ells,2  Cushing3  and  others  from  other  regions. 

A mile  east  of  the  last,  well  drillers  on  the  Henry  Douglas  farm 
just  northeast  of  Crary’s  Mills  (88)  struck  sandstone  of  rather 
light  color  about  45  feet  below  the  surface,  and  penetrated  it  for 
some  distance.  Though  the  extent  of  this  area  is  unknown,  the 
find  emphasizes  the  fact  that  Potsdam  strata  are  likely  to'  be 
encountered  anywhere  in  the  drift-mantled  places  and  that  their 
actual  distribution  may  be  much  more  general  than  has  been  sup- 
posed. More  surprising  proof  of  this  was  afforded  by  the  well  at 
Frank  J.  Crary’s  (locality  84')  one  and  one-half  miles  west  of 
Pierrepont,  where  the  drill  passing  through  28  feet  of  till  found 
about  150  feet  of  typical  red  Potsdam  sandstone,  at  the  bottom  of 
which  it  dropped  into  a water  pocket  believed  to  mark  the  basal 
contact.  In  the  brook  channel  three-fourths  of  a mile  west,  below 
the  falls  (600  foot  contour),  there  are  hematite-charged  schists 
indicating  that  the  Potsdam  has  been  but  recently  removed,  while 
one  and  one-fourth  miles  northward  (84)  in  the  brook  bed  north 
of  the  brick  schoolhouse  is  a close  pavement  of  red,  purple  and 
saffron  sandstone  blocks  that  have  been  quarried  for  foundation 
stones.  All  these  circumstances  point  to  a large  area  of  sandstone 
underlying  this  big  morainal  hill. 

The  most  interesting  Potsdam  locality  of  all  is  the  out-of-the- 
way  one  at  Mr  Dillabaugh’s  (85)  in  the  southeast  corner  of  the 
quadrangle  (plate  1).  Here  stowed  away  under  Benway  hill  at 
an  elevation  of  over  800  feet  is  a little  ledge  and  glaciated  knoll 
(figure  A)  on  the  east  side  of  the  road  and  a quantity  of  loose 
masses  (figure  B)  on  the  other  side,  of  the  ferruginous  basal  Pots- 
dam breccia,  whose  cavities  contain  elegant  crystallizations  of 
hematite  and  quartz.  The  rock  is  highly  indurated,  hardly  clastic 
in  appearance,  and  but  little  of  the  ordinary  sandstone  is  seen. 
Beneath  are  Grenville  limestones,  while  behind  are  nearly  vertical 
cliffs  of  gneiss  embracing  and  sheltering  the  ledge  within  the  sig- 
moidal curve  described  by  Doctor  Martin.4  Two  miles  southwest 
(86)  in  the  same  valley  of  Van  Rensselaer  creek  large  loose  blocks 
of  somewhat  similar  stuff  (plate  2)  are  piled  thickly  for  many 

13d  Ann.  Rep’t,  N.  Y.  State  Mus.  (1850),  p.  32-33,  figure;  and  Proc.  Am. 
Assn,  for  Adv.  of  Sci.,  4 (1851),  p.  352-54. 

2 Roy.  Soc.  of  Can.  Trans.,  ser.  2,  9 (no.  4),  p.  103.  Geol.  Sur.  of  Can. 
Ann.  Rep’t  for  1901,  I4:I76A  (1905). 

3 N.  Y.  State  Mus.  Bui.  145,  p.  61,  pi.  13. 

4 N.  Y.  State  Mus.  Bui.  185,  p.  96. 
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rods  along  the  stream  with  a wall  of  quartzose  Grenville  rising 
behind;  but  actual  outcrops  are  lacking. 

There  remains  the  area  (locality  69)  exposed  only  at  low  water 
in  the  bed  of  the  Grass  river  north  of  Canton,  as  diametrically 
opposite  to  that  at  Mr  Dillabaugh’s  (85)  in  lithologic  character 
as  in  location,  altitude  and  stratigraphic  position.  As  those  beds 
are  the  highest  in  present  altitude  but  probably  the  lowest  strati- 
graphically,  these  are  the  lowest  in  altitude  but  probably  the  highest 
beds  of  the  series.  They  are  white  saccharoidal  sandstone,  contain- 
ing a few  white  quartz  pebbles  up  to  5 inches  diameter,  like  the  first 
described  outcrops  of  locality  77.  The  area  is  cut  off  down  stream 
by  a heavy  mass  of  red  granite-gneiss  and  it  is  hard  to  believe 
that  the  sandstone  can  extend  itself  over  this  beneath  the  drift  to 
connect  with  the  main  belt  of  sandstone  on  the  north,  though  this 
may  happen. 

The  surprising  thing  about  these  outliers  is  the  variability  of 
color,  structure  and  texture  in  passing  from  one  to  another.  It  is 
almost  incredible  that  they  can  all  represent  a single  formation. 
The  range  of  colors  includes  pure  white,  ashen,  creamy,  buf¥  mot- 
tled, faint  pink  striped,  light  to  dark  garnet  red  and  deep  wine  color 
either  uniform  or  variously  striped,  bright  orange-brown,  dark 
grizzled  purple,  light  tan  with  violet  stripes,  rosy  gray,  hematite 
red,  and  many  intervening  shades  and  combinations.  The  textures 
range  all  the  way  from  fine,  uniform  arenytes  through  pebble  con- 
glomerates to  reconsolidated  talus  breccias,  the  medium  to  coarse 
sandstone  types  (arenytes)  being  the  most  common.  In  degree  of 
induration  the  beds  vary  from  rather  crumbling  saccharoidal  rocks, 
usually  light  colored  or  white,  through  excellent  building  stones 
of  clean  fracture  and  great  durability,  usually  bright  colored  and 
chiefly  red,  to  light  flesh-colored  white  or  creamy  quartzites  of 
exceeding  toughness  and  vitreous  surface,  and  to  a calico  con- 
glomerate with  red  jasperized  matrix  very  difficult  to  distinguish 
from  the  Grenville  jasperite  though  the  amorphous  jasper  can 
apparently  be  traced  directly  into  the  ordinary  red,  sandy  matrix 
by  perfect  gradations.  The  conglomerates,  as  might  be  expected, 
seldom  show  much  stratification  and  the  quartzitelike  portions 
appear  almost  wholly  structureless,  but  the  commoner  sandstones 
vary  from  coarsely  to  closely  stratified  or  even  thin-laminated  and 
generally  display  more  or  less  cross-bedding  or  flow-and-plunge 
structure  (see  figure  A of  plate  4). 


Boulder  of  “ middle  Potsdam  ” conglomerate  in  field  south  of  “ The 
Bunch  ” cottage  (locality  75)  on  the  east  bank  of  the  Grass  river  south  of 
Canton  (Looking  northeast) 

The  pebbles  consist  chiefly  of  red  jasper  which  has  been  bleached  to  milk 
white  by  pre-“  Potsdam  ” weathering,  except  at  the  hearts  of  the  larger 
pieces.  The  sand-matrix  also  is  decolorized.  Contrast  the  basal  beds. 

See  pages  13  and  44. 


Plate  4 


A.  Cross-bedding  and  a pebble  band  in  upper  (white)  “ Potsdam  ” sandstones 
south  of  “The  Bunch”  cottage  (locality  75),  on  east  bank  of  Grass  river 
south  of  Canton.  (Piece  tipped  out  of  the  ledge  for  photographing) 
(Looking  southeast) 

See  pages  16  and  44. 


B.  General  view  of  exposures  at  “ The  Bunch  ” shown  in  detail  in  the  two 
following  plates.  Professor  Fairchild  sits  on  the  ledge  of  plate  5.  The 
ledge  of  plate  6 is  behind  Mrs  Phelps’s  camera.  Deep-red  Potsdam  sand- 
stone caps  the  knoll  to  left;  main  ledge  of  white  sandstone  is  in  trees 
behind.  (Looking  east-northeast) 


See  pages  13  and  18. 
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The  Basal  Contact 

The  interesting  nature  of  the  Potsdam-Precambrian  contact  has 
already  been  suggested.  Marking  as  it  does  the  greatest  hiatus  and 
unconformity  in  the  entire  known  geological  record,  it  would  in  any 
case  attract  attention  but  the  variety  of  forms  which  it  assumes  in 
the  outliers  south  of  Canton  is  remarkable.  Following  the  post- 
Laurentian  uplift,  which  completed  the  metamorphism  of  at  least 
such  parts  as  now  remain  of  the  Grenville  and  associated  rocks, 
our  region  was  approximately  base-leveled.  But  either  the  process 
of  peneplaination  lacked  completion  or  was  followed  by  some  reju- 
venation, for  the  irregularity  of  the  sub-Potsdam  surface,  already 
described  by  Professor  Cushing  for  the  Theresa  region1  and  else- 
where in  northern  New  York,  is  equally  well  shown  hereabouts. 
As  today,  so  then,  the  Precambrian  crystallines  standing  at  high 
angles  outcropped  in  long  belts  or  strike  ridges,  the  stronger  gneisses 
and  quartzite  upstanding,  the  softer  marbles  and  schists  mostly 
excavated  by  shallow  stream-valleys  or  wind-erosion  hollows. 

The  suggestion  is  strong  that  at  least  the  closing  phases  of  this 
land  cycle  were  arid,  and  probably  cold.  Rock  destruction  by 
atmospheric  and  solar  agencies  probably  went  on  unhindered,  the 
resulting  residual  soil  becoming  charged  with  the  insoluble  red 
oxide  of  iron  derived  from  the  various  iron-bearing  minerals  of 
these  older  rocks,  whose  other  stable  products  were  chiefly  quartz 
sand  and  clay.  The  removal  of  the  latter  product  was  quite  likely 
effected  by  wind  work  comparable  to  that  now  going  on  over  the 
Great  Plains,  and  its  final  resting  place  may  be  in  part  the  Georgian 
(Lower  Cambrian)  red  shales  in  Vermont.  The  sand  remained, 
in  part  at  least,  and  furnished  material  for  the  overlying  forma- 
tions. There  are  points  (as  at  locality  75;  summit  of  the  quartzite 
knoll  southeast  of  the  main  mass)  where  the  sandstone  may  be 
found  fitting  into  undercut  spaces  beneath  the  old  crystalline  ledges, 
hinting  at  wind  erosion  of  the  desert  type.  Similar  cases  are 
described  by  Cushing.  There  are  other  places  (as  at  locality  74) 
where  the  basal  Cambrian  is  a reconsolidated  talus  breccia  banked 
against  the  foot  of  a steep  quartzite  ledge  and  showing  a com- 
pletely residual,  nonassorted  character.  There  are  even  places 
(localities  74,  75,  70,  79)  where  through  some  10  to  20  feet  of  beds 
a complete  gradation  exists  between  ordinary  fresh  Grenville  rocks 


1 N.  Y.  State  Mus.  Bui.  145,  p.  54.  See  also  footnote  3,  page  20. 
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beneath  and  the  normal  stratified  red  Potsdam  sandstone  above 
through  a Grenville  regolith  constituting  a basal  Potsdam  breccia. 
This  is  comparable  to  the  gradations  existing  today  in  our  southern 
states  from  live  rock  below  through  various  intensities  of  rock 
disintegration  into  residual  soils  and  finally  to  reworked  surface 
materials  above.  In  the  process  of  Potsdam  consolidation  these 
disintegration  products  were  reconverted  into  solid  rock,  furnish- 
ing many  puzzling  phenomena.1  At  many  points  merely  a faint 
veneer  of  this  material  remains  coating  the  Precambrian  surfaces, 
or  in  glaciated  ledges  of  the  quartzite  it  is  sometimes  removed 
from  all  but  the  tiny  corrosion  hollows  and  pittings  of  the  ancient 
surface,  or  is  found  filling  ancient  joint  cracks  so  as  to  simulate  a 
vein.  These  phenomena  are  displayed  in  wonderful  variety  at  the 
two  outliers  along  the  Grass  river  north  of  Pyrites  (localities  74 
and  75).  In  particular  at  the  more  northerly  of  these,  ir  the  knoll 
behind  “ The  Bunch  ” cottage,  a peculiar  thin-laminated  silicious 
Grenville  rock,  weathering  with  strong  reddish  color  banding,  has 
been  uncovered  by  late  erosion  (chiefly  glacial?)  in  such  a way  as 
to  show  its  face  in  part  plastered  over  with  a mosaic  of  its  own 
small  fragments,  which  fill  also  its  former  joint  fissures,  and  pass 
upward  into  a sand-matrix  breccia  and  finally  into  ordinary  red 
Potsdam.  The  illustrations  (plates  5 and  6)  give  but  an  inade- 
quate idea  of  this  occurrence.  Twenty  rods  west  of  this,  and  again 
on  the  summit  of  the  (second)  knoll  80  rods  south,  are  fine 
examples  of  basal  breccias  filling  weather-widened  joints  in  the 
crystallines. 

Apart  from  the  revelations  of  the  past  afforded  by  these  contact 
deposits,  they  have  a more  general  interest  from  the  red  iron  ores 
they  contain.2 3  These  usually  occupy  slight  pre-Potsdam  hollows 

1 To  this  sort  of  deceptive  gradation  undoubtedly  we  may  ascribe 

Brooks’s  belief  that  the  Grenville  and  Potsdam  were  conformable  mem- 
bers of  one  continuous  Cambrian  (Taconic)  series;  Amer.  Jour,  of  Sci., 
4 (1872)  : 22-26. 

3 The  divergent  views  of  various  writers  as  to  the  origin  of  these  ores 
may  be  gleaned  from  Emmons  1842  (Second  District,  p.  97),  Vanuxem 
1842  (Third  District,  p.  267),  T.  S.  Hunt  1871  (N.  Y.  State  Mus.  Rep’t  21, 
p.  88-89),  Brooks  1872  (just  cited),  Smock  1889  (Bulletin  7,  p.  10,  43-48), 
the  note  by  Dr  U.  S.  Grant  in  Winchell  1893  (21st  Minnesota,  p.  106-8), 
Smyth  1894  (13th  Rep’t  N.  Y.  State  Geologist,  p.  495-99)  and  D.  H.  New- 
land  1907  (N.  Y.  State  Mus.  Bui.  112,  p.  38-39)-  While  these  writings 
pertain  to  the  Antwerp-Rossie  district,  which  the  writer  has  not  visited, 
the  observations  given  here,  as  they  were  written  before  any  of  this  litera- 
ture had  been  examined,  serve  as  independent  corroboration  of  Smyth’s 
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State  Museum).  (Looking  northeast  by  east) 
See  page  18  and  plate  4,  B. 


Plate 
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weathering  pinkish  red.  (Looking  northeast) 
See  page  18,  and  plate  4,  B. 
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at  the  meeting  of  Grenville  quartzite  and  marble,  and  consist  mostly 
of  a reconsolidated  ferruginous  earth,-  with  some  silicious  frag- 
ments, or  else  of  a silicious  regolithic  breccia  whose  cracks  and 
interstices  often  gleam  with  “ combs  ” of  crystalline  quartz  and 
hematite.  Some  of  the  most  beautiful  of  these  mineralizations 
come  from  the  tiny  outlier  at  Mr  Dillabaugh’s  (locality  85)  in  the 
southeast  corner  of  the  quadrangle. 

Where  there  has  been  some  reworking  of  the  talus  adjacent  to 
a cliff,  we  have  brilliant  “ calico  conglomerates/’  with  a deep-red 
or  blood-red  sand-matrix  inclosing  all-sized  rounded  to  angular 
fragments  of  white,  yellowish  and  reddish  quartzite,  or  dull-red 
jasper.  In  some  cases  the  sand-matrix  becomes  jasperized  and 
the  rock  closely  approaches  certain  portions  of  the  Grenville  in 
appearance,  possibly  because  the  jasperization  of  both  rocks  was 
accomplished  simultaneously.  This  may  have  been  by  hot  alkaline 
waters  working  up  from  beneath  through  the  limestone,  but  whether 
these  were  the  same  mineralizing  solutions  that  put  the  zinc  in  the 
latter  at  Edwards  and  converted  its  tremolite  into  talc,  or  whether 
they  were  of  later  date,  can  not  now  be  said.  In  any  case  they 
have  not  lightened  the  task  of  mapping  the  frayed  and  tattered 
contact  line  in  which  no  real  division  plane  exists.  A visit  to 
localities  74  and  75  will  show  how  hopeless  is  the  attempt  to  por- 
tray the  facts  on  a map,  even  where  the  rocks  are  completely  bare. 

But  there  are  other  localities,  for  example  77,  where  the  contact 
of  the  two  rocks  is  abrupt,  suggesting  an  ancient  sea-cliff  slowly 
drowned  and  silted  over  by  advancing  waves.  It  is  noteworthy 
that  such  occurrences  are  chiefly  in  the  upper  white  beds  of  the 
Potsdam  series,  a division  that  bears  more  evidence  of  construc- 
tion in  and  under  water  than  do  the  lower,  possibly  anemoclastic 
and  continental,  red  beds.  Yet  even  here  the  Potsdam  is  always 
so  thoroughly  bonded  to  the  rock  beneath  that  only  closest  scrutiny 
reveals  the  division  line;  and  nowhere  has  the  writer  seen  the  two 
rocks  tending  to  separate  smoothly  from  each  other  on  weather- 
ing, as  do  all  the  higher  formations.  The  one  has  arisen  largely 
from  the  dissolution  of  the  other  in  situ. 


interpretations  so  far  as  they  are  applicable  to  our  deposits.  It  may  be 
safely  asserted  (a)  that  the  ore  was  residual  from  the  crystallines,  likely, 
including  the  oxidation  of  pyrite  as  Smyth  surmised,  ( b ) that  it  was 
washed  down  into  the  marble  valleys  and  there  precipitated,  probably  by 
reaction  with  the  limestone,  and  (c)  that  to  the  associated  quartzite  bands 
we  owe  in  our  region  the  preservation  of  the  existing  patches  from 
erosion  long  subsequent. 
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Over  the  entire  area  explored,  no  contacts  approaching  the  hori- 
zontal have  actually  been  seen  between  the  Potsdam  and  the  Pre- 
cambrian.  Everywhere  the  former  is  found  resting  upon  steeply 
sloping  hillsides  of  the  latter  and  thus  is  rapidly  cut  out,  often 
along  the  strike.  Such  relations,  if  the  contact  were  not  visible, 
would  readily  suggest  a faulted  condition,  but  no  actual  faults, 
other  than  the  microfaulting,  have  been  seen  anywhere  in  the 
quadrangle.1  The  Potsdam  outlier  at  locality  83  dips  inward  under 
the  north  face  of  Waterman  Hill,  whereas  Mr  Bullis’s  well  on 
the  top  of  the  hill  (locality  87)  entered  gneiss  (overlaid  by  till) 
at  96  feet  depth,  which  is  over  140  feet  higher,  while  gneiss  also 
outcrops  in  the  summit  due  south  of  the  outlier,  250  feet  above  it. 
A fault  was  suspected  here,  and  again  in  the  exposures  northwest 
of  West  Potsdam  (localities  44  to  50)  there  are  some  puzzles 
possibly  due  to  a minor  slip;  but  in  view  of  all  the  other  evidence, 
especially  Doctor  Martin’s  Precambrian  investigations,  any  consid- 
erable faulting  in  our  region  appears  to  be  out  of  the  question.2 
We  may  safely  look  upon  Waterman  hill,  then,  as  indicating  a pre- 
Potsdam  or  sub-Potsdam  relief  of  at  least  250  feet  magnitude. 
The  presence  of  a deep  pre- Potsdam  valley  to  the  north  of  this  hill, 
thus  denoted,  ties  in  with  other  facts  to  be  presented. 

The  Concealed  Zone 

In  contrast  with  the  outliers,  when  we  turn  to  the  northern  embed 
for  the  main  mass  of  the  Potsdam  strata  we  find,  clear  across  the 
quadrangle,  a mile  and  one-half  wide  zone  without  outcrops  between 
the  outposts  of  the  Precambrian  rocks  and  the  nearest  Paleozoic 
ledges.  The  first  outcrops  are  invariably  well  up  in  the  Theresa 
formation  or  higher. 

It  is  within  this  concealed  zone  that  the  main  belt  of  Potsdam 
must  lie,  if  it  exists  across  our  map  area.  Eastward  from  the  Oswe- 
gatchie  Professor  Cushing  maps  a narrowing  wedge  of  Potsdam 

1 Cushing’s  belief  in  major  faulting  at  Hannawa,  just  'east  of  our  map, 
(16th  Rep’t  N.  Y.  State  Geol.  (1898),  p.  14,  24),  seems  to  be  purely  infer- 
ential, with  another  explanation  equally  plausible. 

* Dr  R.  W.  Ells,  who  studied  and  mapped  the  faults  in  the  Paleozoics 
about  Ottawa,  specifically  remarks  their  absence  in  these  same  rocks 
along  the  Canadian  side  of  the  St  Lawrence,  a district  also  mapped  by 
him.  Trans.  Roy.  Soc.  Can.,  6,  (no.  4),  p.  118,  (1900). 

* Since  the  above  was  written  a masterly  treatment  of  the  whole  prob- 
lem of  pre-Potsdam  topography  has  appeared  in  Mus.  Bui.  18,  Canada 
Dep’t  of  Mines,  by  Kindle  and  Burling  (1915). 
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(the  upper  white  portion  alone  present),  with  its  last  exposure 
at  “ The  Ledges  ” in  the  Indian  Creek  swamp,  about  a mile  west 
of  our  borders.  Here  these  sandstones  vanish  under  glacial  drift 
together  with  a large  part  of  the  thickness  of  the  Theresa,  of  which, 
with  one  possible  exception,  not  more  than  the  top  20  feet  have 
been  positively  seen  on  the  quadrangle.  At  locality  42,  southwest 
of  West  Potsdam,  in  the  bottom  of  a small  brook  valley,  among  a 
great  mass  of  stream-washed  boulders,  is  a disrupted  ledge  about 
a rod  long  of  white  sandstone,  varied  bufify  and  reddish,  that  is 
quite  massive  and  with  brilliantly  glittering  surfaces  due  to 
recrystallization  of  quartz,  like  the  higher  Potsdam ; but  its  south- 
erly dip  and  proximity  to  extensive  Heuvelton  and  even  Bucks 
Bridge  outcrops  favor  a reference  to  one  of  the  lower  hard  sand- 
stones in  the  Theresa  west  of  our  district. 

It  would  seem  that  if  present,  so  resistant  a formation  as  the 
Potsdam  ought  to  outcrop,  as  it  does  both  east  and  west.  At 
Rensselaer  Falls  it  is  extensively  displayed  in  the  bed  of  the  Oswe- 
gatchie,  making  rapids,  whereas  both  the  Grass  and  the  Raquette 
cross  from  the  Precambrian  to  the  Theresa  without  a ripple.  On 
the  Raquette  moreover  there  is  scant  room  for  any  Potsdam 
between  the  gneiss  at  Potsdam  village  and  the  topmost  Theresa 
beds  above  Sissonville  (locality  33).  Cushing1  noted  this  fact  but 
invoked  faulting  and  considered  the  gneiss  at  Potsdam  an  isolated 
knob  or  “ inlier  ” with  the  main  belt  of  Potsdam  sandstone  passing 
behind  (south  of)  it.  This  is  conjectural,  for  the  nearest  outcrops 
to  the  southwest,  though  remote,  are  of  Grenville  tied  up  with 
numerous  Precambrian  masses  beyond,  while  the  accumulating 
evidence  is  contrary  to  major  faulting  in  our  area. 

Just  at  the  point  where  the  Potsdam  belt  enters  the  east  edge  of 
the  Canton  sheet,  the  Precambrian  outcrops  begin  to  protrude  far 
to  the  north  (see  the  key  map,  figure  1),  narrowing  the  space 
between  them  and  the  Beekmantown  across  the  Canton  quadrangle, 
while  the  space  between  the  Heuvelton  and  the  Beekmantown  is 
not  similarly  compressed.  That  this  great  Precambrian  promon- 
tory cuts  out  the  Potsdam  for  a few  miles  is  therefore  not  incred- 
ible. There  is  no  question  that  the  lower  part  of  the  sandstone 
series,  including  at  least  the  entire  thickness  of  the  typical  red 
beds,  is  thus  interrupted,  since  the  white  layers  of  the  upper  division 

1 16th  Rep’t  N.  Y.  State  Geol.,  p.  24.  Cushing’s  observations  along  the 
Raquette  were  of  the  pioneer  type,  just  at  the  close  of  the  field  season. 
See  page  55. 
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Fig.  3 Outline  map  of  the  Canton  quadrangle  to  illustrate  possible  distribu- 
tion of  the  Potsdam  sandstones 
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Between  these  two  limits  there  may  be  extensive  concealed  areas  of  the 
Potsdam  sandstones 
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rest  directly  upon  the  crystallines  in  the  more  northerly  outliers, 
whereas  southward  the  outliers  become  mostly  red  beds,  at  least 
75  feet  in  thickness  at  locality  80  and  150  feet  at  Frank  Crary’s 


Fig.  4 Cross  sections  showing  variant  possibilities  as  to  the  presence  or 
absence  of  the  Potsdam  beds  within  the  concealed  zone  south  of  Morley. 
No.  1 is  a portion  of  figure  B — B of  the  colored  sections,  with  the  Pots- 
dam “lapped  out  ’*  by  the  Theresa  beds.  No.  2 shows  the  alternative 
mapped  in  figure  3.  No.  3 represents  an  intermediate  interpretation. 
(Scale  is  one  and  one-fourth  times  that  of  the  colored  map.). 


(locality  84'),  with  the  summit  and  white  beds  removed  by  erosion. 
Evidently  the  sub-Potsdam  floor  was  higher  at  the  north  than  at 
the  south  when  they  were  laid  down,  and  it  is  believable  that  its 
summits  were  not  wholly  buried  under  the  accumulating  sediments 
before  Theresa  time;  in  which  case  the  presence  or  absence  today 
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of  a mappable  belt  of  Potsdam  on  the  north  side  of  this  crystalline 
ridge  depends  on  whether  the  overlapping  Theresa  has  been  suf- 
ficiently stripped  away  to  reexpose  it. 

It  must  be  observed  that  the  concealing  drift  is  not  in  the  nature 
of  a morainal  ridge,  but  that  the  outcropless  zone  is  mostly  low 
and  extensively  swampy,  giving  the  impression  of  a refilled  valley. 
That  a belt  of  Potsdam  of  considerable  thickness  and  of  resistant 
character  might  lie  buried  in  such  a valley  is  shown  by  its  occur- 
rence along  the  shores  of  Black  lake  on  the  Brier  Hill  quadrangle, 
with  the  Precambrian  and  Theresa  rising  above  on  either  side. 
(Compare  the  alternative  cross  sections  in  figure  4.)  There  is 
even  a possibility  that  the  Potsdam  underlies  the  drift  throughout 
nearly  all  the  area  mapped  as  undifferentiated  Precambrian,  with 
the  crystalline  outcrops  merely  fenestrated  through  it.  (Com- 
pare figure  3.)  The  deep  wells  at  Mr  Crary’s  and  Mr  Sizer’s 
(localities  84'  and  88)  both  found  sandstone,  and  there  are  abund- 
ant drift  blocks  of  it  all  over  the  district.  New  outcrops  may 
reward  further  search  both  here  and  in  the  blank  zone,  and  well 
records  will  be  of  incalculable  aid. 

Theresa  Mixed  Beds 

The  series  of  alternating  beds  of  blue  dolomitic  limestones  and 
rather  weak  grayish  white  or  creamy  sandstones  that  succeed  the 
Potsdam  is  the  Theresa  formation  of  Professor  Cushing.1  On 
the  Canton  quadrangle  these  beds  are  seldom  well  exposed,  and 
are  nowhere  seen  in  contact  with  the  Potsdam  sandstone.  Their 
thickness  here  is  therefore  unknown  though  probably  somewhere 
between  50  and  100  feet.  The  well  at  Mr  Cunningham’s  on  the 
Ogdensburg  state  road  one  mile  west  of  our  limits  (Woodbridge’s 
Corners)  starting  below  the  summit  of  the  Theresa,  which  crops 
out  in  the  adjacent  road-gutter,  was  still  in  these  mixed  beds  at 
50  feet  depth. 

About  20  feet  of  the  top  beds,  in  contact  with  the  overlying  Heu- 
velton  sandstone,  show  on  the  west  bank  of  the  Raquette  above 
the  Sissonville  dam  (localities  31  to  33).  This  is  a short  distance 
below  Potsdam  village,  with  no  exposure  of  Potsdam  sandstone 
known  between  these  Theresa  outcrops  and  those  of  the  Pre- 
cambrian gneisses  in  the  falls  at  that  village  (see  figure  3).  It 
is  then  3 miles  farther  up  the  Raquette,  without  intervening  out- 


1 Geol.  Soc.  of  Amer.  Bui.  19,  p.  160.  N.  Y.  State  Mus.  Bui.  121,  p.  12. 
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crops,  to  the  quarries  of  the  type  red  Potsdam  sandstone  below 
Hannawa  Falls  (on  the  Potsdam  quadrangle). 

Between  the  Raquette  and  the  Grass  are  found  only  occasional 
small  sometimes  doubtful  exposures  of  the  Theresa  beds,  usually 
immediately  beneath  the  Heuvelton  ledges  (localities  45,  48,  49, 
42?).  Of  these,  the  most  interesting  is  that  at  locality  42,  West 
Potsdam,  already  described.  On  the  Grass  river  just  above  Morley 
a rather  strong  anticline  brings  up  these  beds,  chiefly  in  the  river 
itself  and  on  the  west  bank  above  the  cemetery  (locality  61 ; com- 
pare figure  A of  plate  7).  Immediately  below  the  Morley  bridge 
(locality  59)  they  are  again  unroofed  for  a few  rods  on  the  west 
side  of  the  stream.  Finally  the  latter  phenomenon  is  repeated 
one-fourth  of  a mile  below  the  ruined  dam  at  Bucks  Bridge,  where 
typical  Theresa  strata  are  seen  on  the  east  bank  in  a little  slough 
(locality  52).  Much  better  exposures  occur  on  the  Oswegatchie 
river  above  Heuvelton,  several  miles  west  of  our  map. 

The  rocks  of  the  Theresa  formation  are  generally  blue-gray  when 
fresh.  This  color  is  usually  retained,  on  weathering,  by  the  strictly 
calcareous  layers,  while  the  sandy  portions  turn  either  ashen  or 
more  commonly  brownish.  On  long  rotting,  the  color  deepens  to 
a chocolate  and  the  beds  become  very  weak;  but  the  calcareous 
layers  may  slowly  dissolve  away  without  rotting.  Calcite  is  the 
cementing  material  throughout,  so  that  fresh  specimens  foam  freely 
in  dilute  acid.  The  gleaming  surfaces  described  by  Cushing,  due 
to  cleavage  of  this  crystalline  calcite  cement,  are  frequently  seen 
on  fresh  fracture,  and  are  usually  slightly  warped  or  curving;  but 
these  occur  also  in  higher  strata. 

The  stratification  in  the  Theresa  is  crude  and  irregular;  usually 
not  in  very  heavy  beds.  Small  lentils  or  pockets  of  the  soluble  blue 
limestone  show  at  intervals  throughout  the  sandy  layers,  which  are 
inclined  to  be  crudely  cross-bedded,  while  stringers  and  knots  of 
sand  break  the  calcareous  portions.  Pittings  of  the  size  of  a finger 
tip  frequently  develop  on  the  weathered  surfaces  of  the  coarsely 
sandy  streaks.  In  general  these  rocks  tend  to  become  very  craggy 
on  exposure,  furnishing  an  admirable  foothold  for  mosses  and 
small  herbs. 

No  organic  remains  have  been  found.  The  pittings  above  men- 
tioned are  the  surface  expression  of  tubular  chocolate-colored 
stains  extending  irregularly  through  the  rock  in  fucoidal  fashion; 
but  whether  these  are  really  of  organic  origin  (burrows  or  alga 
stems)  remains  to  be  determined.  In  Jefferson  county1  a brachiopod 


1 N.  Y.  State  Mus.  Bui.  145,  p.  65. 
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shell,  L i n g u 1 e p i s acuminata,1  is  said  to  be  common  in 
this  formation.  This  fixes  the  age  of  the  beds  as  Upper  Cambrian 
(Saratogan,  Ozarkian  of  Ulrich). 

While  actual  outcrops  of  the  Theresa  are  few  across  this  quad- 
rangle, boulders  from  the  formation  are  abundant  along  the  same 
belt  and  to  the  southward.  Sometimes,  as  at  Slab  City  (locality 
41,  old  dam  site  below  the  bridge),  and  in  the  brook  bed  three- 
fourths  of  a mile  northeast  (locality  40),  these  boulders  from  the 
blue  calcareous  layers  are  so  massed  that  an  outcrop  closely  adjoin- 
ing seems  inevitable,  whereas  none  is  found.  The  boulders  clearly 
recognized  as  Theresa  are  usually  chunky,  while  those  from  the 
rather  similar  Bucks  Bridge  formation  are  frequently  slabby  and 
sometimes  of  large  area. 


Heuvelton  White  Sandstone 

Without  any  marked  stratigraphic  break,  the  lower  Theresa  beds 
give  place  above  to  the  “ twenty-foot  sandstone  ” of  Professor 
Cushing  which  according  to  him2  is  shown  by  its  relations  farther 
west  to  be  merely  a lentil  in  the  Theresa,  though  on  our  meridian 
it  constitutes  the  apparent  summit  of  that  formation.  From  the 
resistant  character  of  this  rock,  and  of  the  beds  just  overlying, 
it  has  furnished  the  most  important  index  to  the  rock  structures 
in  the  northern  area.  It  forms  extensive  ledges  in  the  Grass  river 
at  Morley  (locality  59)  as  shown  in  plate  7,  and  again  on  the  west 
bank  below  Bucks  Bridge  (locality  53),  being  responsible  for  the 
water  power  at  both  places.  It  is  conspicuous  at  several  points 
north  of  Casey  Corners  (localities  51,  50,  48),  and  three  times 
comes  to  the  surface  on  Trout  and  Stony  brooks  (localities  46,  38, 
35),  besides  affording  the  water  power  on  the  Raquette  at  Sisson- 
ville  (locality  31).  And  it  is  this  same  rock  that,  rising  again  in 
a low  anticline  at  Norwood  (localities  19,  20),  once  more  barricades 
the  Raquette.  Westward  of  this  quadrangle  the  same  strong  sand- 
stone ledges  appear  to  furnish  the  only  conspicuous  outcrops  as 
far  as  the  Oswegatchie  river,  on  the  south  bank  of  which  they  are 
strikingly  developed  at  Heuvelton,  the  type  locality.3 

'Lingula  antiqua  Hall,  Paleontology  of  N.  Y.  1 -.3-4 ; pi.  i,  fig.  3a-e. 

2 N.  Y.  State  Mus.  Bui.  173,  p.  61. 

3 Geol.  Soc.  of  Amer.  Bui.  26,  p.  289. 


Plate  7 


A.  Heuvelton  sandstone  ledge  above  Morley  on  the  east  bank  of  the  Grass 
river  (locality  61).  Block  undermined  by  solution  of  the  Theresa  beds. 
(Actual  dip  of  the  strata  here  is  to  the  right.)  (Looking  east  of  north) 
See  pages  25  and  26. 


B.  Summit  of  the  Heuvelton  at  Pollock’s  ledge,  east  bank  of  Grass  river  below 
Morley  (locality  5 7'),  showing  laminated  structure  and  marked  contrast  with 
overlying  basal  Bucks  Bridge,  above  Mr  Billings’s  hand.  (Looking  northerly) 
See  page  26,  and  compare  plate  8. 
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The  Heuvelton  formation  consists  of  white,  vitreous  sandstone 
often  with  a decided  platy  structure  and  much  ripple-marking  and 
minor  cross-bedding.  In  stream  beds  the  surface  of  the  rock  is 
usually  strongly  stained  with  reddish  brown  iron  rust  or  is  even 
nearly  black,  and  the  lamination  is  clearly  brought  out;  but  the 
glaciated  ledges  commonly  show  the  rock  in  about  three  heavy 
benches  of  glistening  whiteness.  The  cement  is  clearly  silicious, 
with  the  original  sand  grains  fine  and  uniform,  so  that  these  polished 
surfaces  are  nearly  indestructible  and  essentially  a quartzite.  Very 
rarely  there  is  a small  lentil  or  even  a thin  stratum  of  slightly  cal- 
careous material.  At  Sissonville  especially  (locality  31)  the  number 
and  liminess  of  such  lentils  is  more  marked  than  to  the  westward. 
This  sandstone  may,  therefore,  become  less  pronounced  eastward 
of  our  area.  Yet  at  Norwood  the  masses  thrown  out  in  construct- 
ing the  concrete  dam  (locality  19) 1 indicate  no  loss  of  strength  at 
this  point,  and  the  full  thickness  of  20  feet  is  said  to  have  been 
encountered;  also  that  it  was  an  exceedingly  difficult  rock  to  drill 
on  account  of  its  flintiness. 

Unlike  the  formations  below,  the  Heuvelton  is  fossiliferous, 
though  its  fossils  are  poorly  preserved  as  in  general  with  our  for- 
mations. A large,  flatly  coiled  shell  not  unlike  the  Eccyliopterus 
types  of  the  Beekmantown  (Ogdensburg)  and  sometimes  reaching 
a diameter  of  three  and  one-half  inches,  occurs  sparingly,  especially 
near  the  summit.  Doctor  Ulrich  suggests  that  this  species  may  pos- 
sibly be  Helicotoma  uniangulata,2  “ which  is  char- 
acteristic of  the  Chepultepec  (upper)  series  of  the  Ozarkian.”  It 
is  possible,  however,  that  more  than  one  form  is  represented  by  the 
crude  molds  that  have  been  seen. 

Besides  the  shells,  a characteristic  burrowlike  or  fucoidal  struc- 
ture is  oftentimes  pronounced.  This  consists  of  tubular  windings, 
about  the  size  of  a slate  pencil,  and  filled  with  either  the  same 
white  or  a bluish  sand,  or  rarely  weathering  more  rusty.  They 
penetrate  the  strata  at  all  angles,  and  by  a tendency  to  radiate  in 
twos  or  threes  from  a center  frequently  give  to  the  weathered 
surfaces  the  appearance  of  being  covered  with  turkey  tracks.  This 

xThe  new  dam  is  situated  about  25  rods  farther  up  the  stream  than  the 
dam  shown  on  the  map,  in  line  with  the  end  of  the  street  on  the  east 
side  of  the  river. 

2Euomphalus  uniangulatus  Hall,  Paleontology  of  N.  Y.  1:9; 
pi.  13,  fig.  1,  ia.  There  is  a very  fine  specimen  of  this  species  in  the  col- 
lection of  St  Lawrence  University,  besides  some  poorer  ones,  all  in  loose 
rotten  rock  of  the  glacial  drift;  but  these  are  evidently  out  of  the  succeed- 
ing Bucks  Bridge  formation. 
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fossil  has  been  described  and  figured  in  the  “ Geology  of  Canada,” 
page  ioi,  as  Scolithus  canadensis.  A very  similar  or 
identical  form  occurs  in  the  Upper  Cambrian  (St  Croixan)  Eau 
Claire  sandstone  of  Minnesota. 

That  the  Heuvelton  sandstone  may  furnish  a valuable  building 
stone  is  shown  in  the  school  building  and  the  Episcopal  chapel  at 
Morley.  The  rock  used  is  ashen  gray  with  a tendency  to  a rusty 
buff  stain,  and  was  quarried  on  the  river  bank  just  behind  the 
chapel,  the  trimmings  being  from  the  Hanna wa  Potsdam  quarries. 
Quarries  have  also  been  opened  in  this  rock  elsewhere,  as  at  Heu- 
velton and  near  Sissonville  (locality  32),  the  latter  for  road  metal 
and  extending  downward  into  the  Theresa  beds. 

The  Heuvelton  sandstone  varies  somewhat  in  thickness,  appar- 
ently through  irregularity  of  its  summit  plane,  certain  upper  layers 
being  sometimes  present  and  sometimes  absent.  It  is  thinnest  at 
the  old  mill  site  below  Bucks  Bridge  (locality  54)  where  the  over- 
lying  beds  are  thickest,  and  has  its  full  thickness  at  the  Stony 
Brook  falls  (localities  35,  36)  where  the  overlying  ledge  is  thin. 
(See  figure  A,  plate  9.)  At  the  latter  locality  there  is  even  some 
appearance  of  calcareous  (rotten)  upper  Theresa  sediments  above 
the  Heuvelton,  exposed  on  the  north-south  roadway,  but  too  thin  for 
mapping.  If  correctly  so  interpreted,  this  is  the  only  locality  yet 
known  on  our  quadrangle  where  there  remains  any  trace  of  the 
upper  Theresa  beds  that  lie  above  the  Heuvelton  lentil  on  the  Brier 
Hill  and  Ogdensburg  quadrangles.  They  seem  otherwise  to  have 
been  removed  by  erosion,  together  often  with  some  portions  of  the 
top  of  the  Heuvelton,  before  the  succeeding  Bucks  Bridge  beds 
were  deposited. 


Bucks  Bridge  Mixed  Beds 

The  Heuvelton  sandstone  is  succeeded  by  another  white,  sandy 
mass  of  different  aspect,  considerably  more  calcareous,  passing 
gradually  upward  into  heavy,  dark,  silicious  dolomites  with  only 
rare  sandstone  layers,  and  these  in  turn  becoming  more  quartzose 
again  as  the  summit  of  the  group  is  approached.  No  complete 
section  is  available  for  measurement,  but  the  total  thickness  may  be 
safely  put  at  over  50  feet  and  perhaps  nearer  70,  though  a cursory 
view  of  the  occasional  thin  exposures  would  not  at  once  suggest 
so  great  a bulk. 
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Basal  division.  The  lowest  beds  of  this  series  have  a tendency 
to  form  a solid  ledge,  5 or  6 feet  high,  rising  abruptly  from  the 
broad  surfaces  of  the  Heuvelton  with  a rounded  and  glittering 
white  forehead,  followed  sometimes  by  one  or  two  other  tiers  of 
similar  aspect.  There  may  be  in  all  15  or  20  feet  of  such  beds. 
They  consist  of  frequent  alternations  of  somewhat  calcareous  (or 
dolomitic)  sandstones  with  purer  sandstones,  and  are  mostly  of  fine 
texture,  usually  rather  weak  and  granular  within  but  vitrifying 
and  bleaching  on  the  surface  into  a nearly  pure  white  resistant  crust 
about  3 millimeters  thick,  just  beneath  which  the  oxides  of  iron 
form  dark  stains.  Like  the  Theresa,  the.limiest  bands  sometimes 
show  the  characteristic  “ sand  crystal  ” cleavages  of  the  calcare- 
ous cement  noted  by  Cushing1  as  common  in  these  mixed  or  transi- 
tion beds  between  the  Potsdam  and  the  Beekmantown ; and  nodules 
of  crystalline  calcite  are  not  lacking.  The  color  of  the  fresh  rock 
is  a mouse-gray  or  drab-gray,  stained  as  it  leaches  with  various 
rusty  colors  (especially  wood-browns)  arranged  in  striking  patterns, 
marbled  or  clouded.  Weathering  develops  more  buffy  tones  in 
cracks  and  seams,  but  often  bleaches  the  exposed  faces  as  above 
stated  to  an  ashy  white,  frequently  overgrown  with  dark 
Protococcids. 

As  compared  with  the  Heuvelton,  these  layers  are  darker  within 
and  whiten  on  exposure,  while  the  former  is  whiter  within  and  gener- 
ally develops  a dark  crust  on  the  surface.  Moreover  that  rock  tends 
to  maintain  angular  edges  because  of  its  silicious  character,  whereas 
these  beds  become  more  rounded,  with  solution  along  joint  planes, 
and  otherwise  give  testimony  of  their  more  calcareous  nature.2 * * * 
The  cross-bedding  too,  while  still  abundant,  is  smaller  and  even 
more  irregular,  while  the  rock  when  thoroughly  weathered  is  a 
rottenstone  full  of  closely  interwoven,  branching,  fucoidal  struc- 
tures, the  Palaeophycus  beverleyense  of  Billings. 6 

The  contact  of  these  basal  beds  with  the  underlying  Heuvelton 
shows  many  signs  of  disconformity,  indicating  a break  in  the 


1 N.  Y.  State  Mus.  Bui.  145,  p.  64. 

2 They  furnish  a foothold  for  such  rare  lime-loving  plants  as  the  slender 

cliff-brake  (at  locality  57') , the  bulblet  bladder-fern,  and  the  walking-leaf 

(locality  35),  besides  many  commoner  forms. 

2 Canadian  Paleozoic  Fossils,  1:97,  fig.  86. 
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process  of  deposition.  Its  irregular  character  is  seen  in  the  ledge 
on  the  Grass  river  at  Pollock’s  woods  below  Morley  (local. ty  57'), 
illustrated  in  plates  7 and  8.  At  the  old  mill  site  below  Bucks 
Bridge  (locality  54)  several  inches  of  soft,  deeply  undercut  shaly 
layers  are  present  at  the  contact,  immediately  followed  by  the  rotten 
fucoidal  stuff.  There  seems  reason  to  think,  also,  that  the  layers 
making  the  base  of  the  formation  at  some  localities  are  not  identical 
with  those  at  other  localities,  several  feet  of  the  lowest  beds  being 
present  or  absent  as  the  case  may  be.  A similar  difference  in  the 
top  of  the  Heuvelton  below  this  contact  has  already  been  mentioned. 

Besides  the  localities  marked  on  the  map  along  the  Heuvelton 
contact  (namely,  57',  55,  54,  38,  35,  28),  these  white  basal  layers 
are  exposed  also  in  broad  surfaces,  the  summit  of  a low,  domed 
uplift,  east  of  Madrid  depot  (locality  7)  near  the  north  edge  of 
our  quadrangle;  and  again  similarly  on  the  west  bank  of  the 
Raquette  between  Hewittville  and  Norwood  (locality  22)  mostly 
just  east  of  our  limits.  They  appear  also  at  and  above  the  Hewitt- 
ville  upper  dam  (localities  26  and  27),  and  a mass  of  boulders  of 
this  horizon  occurs  just  south  of  Madrid  (locality  9). 

The  maximum  thickness  of  these  basal  layers  appears  to  be  repre- 
sented at  Bucks  Bridge  in  the  beds  of  Nettle  creek  and  the  Grass 
river  (locality  55),  where  a hurried  estimate  indicated  from  20  to 
25  feet  of  cross-bedded,  ripple-marked  and  sun-cracked,  fucoidal, 
partly  calcareous  sandy  strata.  Where  these  ledges  cross  the  river, 
making  a considerable  rapid  (locality  54),  gastropod  shells  of  the 
Ophileta  type  occur  in  them,  especially  at  the  old  millrace  on  the 
west  bank  (See  figure  B,  plate  9).  A good  specimen  from  here  bears, 
according  to  Doctor  Ruedemann,  a considerable  resemblance  to  Cle- 
land’s  Pleurotomaria  hunterensis1  of  the  Mohawk 
valley  Tribes  Hill  beds.  Similar  gastropods,  though  usually  poorly 
preserved  and  infrequent,  characterize  all  levels  of  the  Bucks  Bridge 
formation  at  practically  all  localities  visited,  and  thus  often  furnish 
a means  of  distinguishing  isolated  outcrops  from  those  of  the 
Theresa.  They  appear  to  represent  Vanuxem’s  Ophileta 
complanata,1  to  which  Cleland’s  species  is  probably  equivalent. 

1 Bui.  of  Aimer.  Paleontology,  3:252;  pi.  17,  fig.  1,  2,  7,  8;  ibid.  4:16; 
pi.  4,  fig.  1-2.  According  to  U.  S.  Nat.  Mus.  Bui.  92,  p.  1020,  the  present 
name  is  Polygyrata  hunterensis.  But  see  the  next  footnote. 


Plate  8 


A.  Basal  contact  of  the  Bucks  Bridge  beds  disconformably  on  the  Heuvelton 
at  Pollock’s  ledge,  east  bank  of  Grass  river  below  Morley  (locality  5 7'). 
Irregular,  wavy  contact  at  Mr  Billings’s  hand.  (Looking  east) 

See  page  30,  and  compare  plate  7. 


B.  Detail  of  the  preceding,  retouched  to  emphasize  the  wavy  nature  of  the 

contact 
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Plate  9 


Photo  by  Mrs  C.  S.  Phelps 

A.  Ledge  of  basal  Bucks  Bridge  calcareous  sandstone  with  Heuvelton  sand- 
stone surface  in  foreground,  at  Stony  Brook  falls  east  of  West  Potsdam 
(locality  35).  (Looking  east) 

See  pages  26  and  28. 


Photo  by  Mrs  C.  S.  Phelps 


B.  Higher  layers  of  the  lower  Bucks  Bridge  beds  in  the  old  mill  race  on  west 
bank  of  the  Grass  river  at  Bucks  Bridge  (locality  54)  where  gastropods 
were  secured.  (Looking  southeast) 

See  page  30. 
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Middle  division.  The  transition  to  the  more  calcareous  or, 
rather,  dolomitic  beds  of  the  middle  Bucks  Bridge  is  not  abrupt 
though  fairly  rapid,  and  some  heavy  uniform  bluish  dolomites  not 
unlike  the  Beekmantown  make  their  appearance.  But  they  are 
harder,  darker  and  more  sandy,  with  the  “ sand-crystal  ” cleavages 
of  the  passage  beds  and  without  the  soft,  velvety  surface  of  the 
true  Ogdensburg  dolomite.  They  are  exposed  at  but  few’  localities 
and  their  relations  to  the  lower  beds  are  poorly  shown  at  most 
of  these,  while  their  exact  relation  to  the  upper  beds  is  still  unsatis- 
factorily determined.  The  best  development  of  these  layers  is  seen 
(at  low  water)  in  the  bed  of  the  Raquette  river  just  above  the 
Hewittville  bridge  (locality  24),  where  the  exposures  are  nearly 
continuous  with  those  of  the  lower  beds  just  upstream  from  them, 
adjoining  the  dam  (locality  26).  Gastropod  shells  are  abundant  in 
the  upper  surface  of  the  bottom  layer  and  continue  frequent  through 
the  10  feet  or  so  of  beds  here  shown.  Some  of  them  are  of  large 
size  and  suggest  Eccyliopterus.  A vitreous,  white,  cross-bedded 
sandstone  layer  (about  2 feet  thick)  caps  the  series  at  the  east  end 
of  the  bridge,  and  fucoidal  rottenstones  follow  not  far  below 
the  bridge ; the  latter  being  thought  to  correlate  with  the  beds  else- 
where referred  to  the  upper  division. 

To  this  middle  division  belong  apparently  the  beds  formerly  quar- 
ried south  of  Madrid  bridge  (locality  8),  of  which  the  bridge  itself 
and  the  “ twdn  mills  ”1 2  beside  it  were  built.  They  reappear  at  Nor- 
wood both  above  the  railway  bridge  (locality  17)  and  in  the  brook 
bed  back  of  the  Episcopal  church  (locality  18),  120  rods  over  on 
the  Potsdam  quadrangle.  On  Stony  brook  they  make  picturesque 
ledges  northeast  of  West  Potsdam  (locality  37),  while  the  layers 
at  their  base  cause  a small  fall  in  Trout  brook  at  locality  44.  Above 

1 Geol.  of  the  3d  Dist.,  p.  36,  fig.  2.  (Hall,  Pal.  of  N.  Y.  1:11;  pi.  3, 
fig.  6).  Doctor  Ulrich  assures  me  that  Cleland’s  shell  is  the  same  as 
the  O.  complanata  of  Vanuxem,  but  the  “ O.  coimplan  ata  and 
O.  compacta  (both  younger  fossils)  of  Salter,  Billings  and  Whitfield 
and  all  subsequent  authors  ” are  not  the  same  species  but  are  even  of 
different  genera.  In  this  case  our  shell  would  appear  to  stand  correctly 
as  Polygyrata  complanata  (Vanuxem),  since  the  type  of 
Ophileta  is  clearly  O.  levata  (loc.  cit.,  fig.  1)  and  not  this  species 
as  sometimes  asserted. 

2 It  is  to  be  regretted  that  the  reconstruction  of  the  west  m:ll  a^fer  a 
recent  fire  was  not  carried  out  on  the  original  lines,  hence  they  are  no 
longer  twin. 
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Bucks  Bridge  they  are  best  seen  at  very  low  water  in  the  Grass 
river  (at  locality  57).  Again  on  the  Raquette  below  Sissonville 
they  have  a small  exposure  10  feet  above  the  basal  beds  at  locality 
29.  West  of  our  limits  about  one-half  of  a mile  (locality  68) 
similar  beds  occur  on  the  James  Dandy  farm  and  in  the  adjacent 
road  gutters;  while  north  of  the  quadrangle  some  60  rods  (locality 
15;  Waddington  sheet)  layers  resembling  those  at  Madrid  appear 
in  the  brook  that  runs  near  Dailey  Ridge  church,  but  this  last  iden- 
tification is  not  wholly  certain. 

Upper  division.  What  are  believed  to  be  the  highest  beds  of  the 
Bucks  Bridge  formation  are  splendidly  shown  in  the  bare  ledges 
on  Trout  brook  at  the  Rutland  Railway  (locality  12),  where 
approximately  25  feet  of  these  strata  are  present  below  the  Ogdens- 
burg  dolomite  with  a disconformable  contact.  These  beds  are  sandy 
and  silicious  dolomites,  rather  flaggy  in  structure  and  highly  fucoi- 
dal  as  they  weather,  but  still  distinguishable  from  the  basal  division. 
They  seem  much  like  the  beds  that  immediately  succeed  the  middle 
division  below  Hewittville  bridge,  and  it  is  likely  that  the  base  of 
this  Trout  brook  section  actually  ties  to  the  top  of  that  one,  though 
of  course  still  other  unknown  beds  may  intervene.  Inasmuch  as 
there  are,  below  the  Ogdensburg  at  the  Hewittville  lower  mills, 
some  quite  different  calcilutites  next  to  be  described,  it  would  seem 
that  these  ought  to  be  present  somewhere  at  this  locality.  A very 
small  development  of  similar  calcilutites  does  appear  on  the  east 
bank  just  north  of  the  preceding  (locality  13)  about  50  rods  below 
the  railway  bridge,  dipping  under  the  basal  Ogdensburg  on  the 
opposite  side  of  the  brook.  Again  in  the  railway  cutting  next  west 
(locality  11)  are  sandy  layers  and  calcilutites  forming  a low  anti- 
cline, which  may  be  in  part  of  the  Hewittville  horizon,  but  the 
examination  of  these  was  hurried  and  they  may  really  be  Ogdens- 
burg. These  beds  are  surely  absent  from  the  exposure  by  the  rail- 
way bridge,  thus  indicating  an  unconformity  by  pre-Ogdensburg 
erosion.  The  fucoidal  beds  reappear  in  several  exposures  farther 
down  Trout  brook  (localities  13  and  14),  with  a short,  concealed 
interval  between  them  and  the  Ogdensburg  rocks  at  the  road  bridge 
(13).  No  “ Hewittville  *’  layers  are  seen  here,  though  they  may 
possibly  occupy  the  covered  space. 

Fossiliferous  and  fucoidal  beds  like  the  above  form  the  hill  slope 
east  of  Brandy  brook  not  far  below  the  Andrew  Walker  bridge 
(locality  5),  just  over  on  the  Waddington  quadrangle.  These  beds 
dip  strongly  west  by  north,  indicating  one  limb  of  a fold  that  in 
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conjunction  with  the  valley  of  the  brook  produces  a deep  reentrant 
in  the  Ogdensburg  front.  A second  similar  reentrant  is  formed 
by  the  coincidence  of  the  Grass  River  valley  with  a second  similar 
low  anticline  that  brings  up  the  basal  Bucks  Bridge  at  Madrid  depot 
(locality  7;  see  previous,  page  30).  A third  reentrant  is  developed 
along  the  Trout  brook  depression,  with  its  Dailey  Ridge  tributary; 
while  the  Raquette  valley  is  the  occasion  for  a fourth.  It  will  be 
seen  by  the  map  that  these  sinuosities  aline  well  with  the  ins  and 
outs  manifested  by  the  outcrops  of  the  lower  formations,  and  that 
finally  they  all  bear  some  relation  to  the  belts  of  Precambrian  rocks 
that  pass  under  them.1  See  map  in  Museum  bulletin  185. 

In  the  exposure  at  the  Hewittville  lower  mills  (locality  23) 
described  on  page  34,  the  lowest  four  and  one-half  feet  are  consid- 
ered to  belong  to  the  division  just  defined. 

To  the  already  mentioned  gastropods  and  fucoids  (Palaeophy- 
ctts)  of  the  Bucks  Bridge  fauna,  which  are  even  better  displayed 
in  the  upper  division  than  below,  these  upper  beds  contribute  a 
more  significant  element  in  a little  graptolite  from  the  highest  layers 
of  the  formation  at  locality  12  on  Trout  brook  just  north  of  the 
Rutland  bridge.  Concerning  our  provisional  reference  of  the  speci- 
mens to  his  Deep  Kill  species  Dictyonema  rectilinea- 
t u m,2  Doctor  Ruedemann  writes : “ The  Dictyonema  is,  in  the  best 
preserved  specimen,  finer  than  the  typical  D.  rectilineatum, 
though  having  all  the  characters  of  it.  It  has  18  branches  in  10 
mm  against  12  to  14  of  that  species.  Another  fragment  has  14 
to  16.  Also  the  branches  themselves  are  finer;  otherwise,  however, 
they  are  alike  in  form.  Probably  these  differences  are  due  to  the 
preservation  in  different  matrices.”  But  the  species  may  also  be 
compared  with  D.  s o c i a 1 e of  Salter,  generally  made  a synonym 
of  D.  flabelliforme,  a widespread  horizon-marker  that  Doc- 
tor Ruedemann  has  recognized3  in  the  Schaghticoke  shale  of  the 
Hudson  valley,  below  the  Deep  Kill. 

Hewittville  beds.4  Capping  the  Bucks  Bridge  formation  on  the 
west  bank  of  the  Raquette  river  just  below  the  concrete  dam  of 
the  lower  mills  at  Hewittville  (locality  23)  and  so  just  east  of  this 

1 Geol.  Soc.  of  Amer.  Bui.  26,  p.  287-94,  “ Post-Ordovician  Deformation 
in  the  Saint  Lawrence  Valley.” 

2 N.  Y.  State  Mus.  Memoir  7,  p.  607,  fig.  29;  pi.  3:  fig.  9,  10. 

3 N.  Y.  State  Mus.  Bui.  69,  p.  934-58. 

4 This  name  is  not  intended  in  a formational  sense,  but  is  usM  here  for 
convenience  only. 
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quadrangle,  are  a few  feet  of  beds  lithologically  more  peculiar  than 
any  others  above  the  red  Potsdam  in  our  Paleozoic  section.  These 
are  rather  argillaceous,  lightish  (smoky)  gray,  firm  and  compact 
dull  limy  mudstones  (calcilutites  or  exceedingly  fine  calcarenites). 
They  weather  to  vivid  tones,  light  clay-buffs  and  mud  colors,  some- 
times gaily  banded  or  streaked  with  brown,  indicating  zones  full 
of  rounded  quartz  grains.  The  distribution  of  these  sand  grains 
in  streaks  or  winno wings,  the  curdled  (pebbly)  or  breccialike 
appearance  of  certain  of  the  beds,  and  the  irregular  bedding  dis- 
continuous horizontally,  with  the  absence  of  fossils,1  are  all  remin- 
iscent of  shoal  water  conditions  within  a lagoon  (barachois)  at 
tide  level.  The  variable  nature  of  the  deposits  is  expressed  in  the 
following  section: 

Section  on  west  bank  of  Raquette  river  at  Hewittville  lower  mills 

Ogdensburg  formation 

Ft.  In. 

T Coarsely  ribboned  geodiferous  dolomite 3 11 

S Deeply  weathered  contact;  contains  fragments  of  R, 

etc 0 6 

Ft.  In. 

4 5 

Bucks  Bridge  formation 


(Hewittville  beds) 

R Exceedingly  fine,  flaggy,  light  gray  dolomarenite; 

weathers  to  cinnamon o 11 

Q Massy,  argillaceous  dolomilutite,  with  small  scattered 

pebbles  of  lighter  color 0 

P Exceedingly  fine,  ribboned,  calcarenite,  with  some 

sand  grains  and  a shale  seam o 10 

0 Exceedingly  fine,  platy,  calcilutite,  with  scattered 

sand  grains;  weathers  banded o 4$ 

N Similar  to  M but  with  closer  irregular  alternations 

of  sandy;  surface  “slashed” o 9 

M Heavy  stratum;  more  or  less  breccialike  and  rib- 
boned, fine  calcarenite  and  dolomilutite,  with  many 

nodules  of  pinkish  calcite;  base  banded 2 3 

L A dark  shaly  seam  similar  to  J and  H o 1$ 

K Lutite  alternating  with  very  fine  ddlomarenite  con- 
taining coarser  grains;  weathers  ribboned o 2\ 

J Weak,  thin-shaly,  exceedingly  fine  dolomarenite o 1 

1 Thin-layered  coarse  calcilutite,  ribboned o 2 

H Like  J but  more  variegated;  weathers  dark o 1$ 


1 A single,  small,  poorly  preserved  and  dubious  gastropod,  perhaps  a 
Maclurites,  was  seen  in  bed  N. 
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G Solid  layer  of  calcilutite  with  conchoidal  tough  frac-  Ft.  In. 


ture;  white  chert  near  base o n 

(Greenish  shale  film) 

F Compact  lutite;  weathers  gaily  ribboned o 4 

(Greenish  shale  film) 

E Banded  lutite  and  fine  calcarenite;  weathers  strongly 

banded,  bister  and  clove  brown 0 6 

(Greenish  shale  film) 

D Banded  as  above,  with  much  medium  to  coarse  quartz 
sand  grains  in  both  parts,  the  grains  sparkling  on 

weathered  surface  o 6 

(Greenish  shale  film) 

Total  Hewittville  8 8} 

C Very  fine  tough  calcarenite  with  30  to  50  per  cent 
of  medium  quartz  sand;  upper  surface  with  flat 

pebbles  of  very  fine  buffy  calcarenite 1 2 

B Similar  but  not  so  tough;  weathers  “pocked” 1 8 

A Like  last;  base  of  cliff,  in  water o 8 

X In  midstream;  medium  grained,  calcareous  sandstone; 

weathers  pitted  1 o 

4 6 

Total  section  exposed 17  7! 


Beds  C and  below  are  referred  to  the  summit  of  the  normal 
Bucks  Bridge  terrane.  They  are  light,  neutral  gray,  rather  lustrous 
calcarenites  or  calcareous  sandstones,  weathering  brown. 

Elsewhere  than  at  Hewittville  these  8 or  9 feet  of  yellow-weather- 
ing waterlimes  fail  to  appear,  either  because  concealed  beneath 
ledges  of  the  Ogdensburg  or  because  discontinuous  through  erosion 
or  through  lateral  change.  Abundant  fragments  occur  in  the  glacial 
drift  at  Bucks  Bridge  and  some  other  points,  but  the  sources  of 
such  strays  are  unknown. 

It  is  questionable  whether  these  strata  do  or  do  not  belong  in 
the  Bucks  Bridge  formation,  but  since  no  break  is  evident  at  the 
supposed  contact  it  has  not  seemed  wise  to  separate  them  until 
they  can  be  traced  farther  east. 

Summary.  Combining  the  measurements  or  estimates  for  the 
different  divisions,  we  obtain  the  following  sums : 

Minimum  estimate  Maximum  estimate 

Calcilutites  at  Hewittville 8 feet  9 feet 

Upper  fucoidal  layers 25  feet  or  more  27  feet  (perhaps  more) 

Middle  dolomites  10  “ “ “ 15  “ 

Basal  quartzose  beds 8 “ “ “ 25  “ 


Total 


51  feet  or  more  76  feet 
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Of  these  the  maximum  figures  are  the  more  probable.  These 
strata  thus  constitute  a formation  of  considerable  thickness,  with  a 
fauna  essentially  the  same  throughout,  and  distinct  both  litholog- 
ically and  faunally  from  the  formations  above  and  below,  from  each 
of  which  it  appears  to  be  set  off  by  an  erosional  break  (discon- 
formity).  They  appertain  to  the  Theresa  or  “ passage  ” beds  as 
originally  defined  by  Professor  Cushing,  and  are  the  equivalents 
roughly  of  the  upper  portion  which  on  the  Theresa  and  adjacent 
quadrangles  he  and  Doctor  Ulrich  have  more  recently  referred  to 
the  Tribes  Hill.1  Considering  the  absence  here  of  the  rich  Tribes 
Hill  fauna,  the  isolation  of  these  northern  New  York  strata  from 
the  typical  beds  of  that  horizon  in  the  Mohawk  valley,  and  their 
very  different  lithologic  constitution  and  local  subdivisions,  a dis- 
tinctive local  name  is  needed  for  them.  No  satisfactory  type  locality 
having  as  yet  offered,  the  name  here  used  owes  its  selection  chiefly 
to  the  fact  that  it  was  not  likely  to  be  preoccupied,  and  it  should 
be  permitted  to  lapse  as  soon  as  a permanent  one  can  replace  it. 


Beekmantown  (Ogdensburg)  Dolomite 

The  rocks  occupying  the  area  that  was  assigned  to  the  “ Calci- 
ferous  ” (now  called  Beekmantown)  on  the  state  geologic  map 
are,  in  our  region,  fine-grained,  firm,  fairly  uniform,  gray  to  drab 
dolomites  and  dolomarenites  usually  with  a rather  dull,  velvety 
surface  when  fresh  and  often  a coarsely  ribboned  or  thin-lamellated 
appearance  when  weathered.  Sand  grains  are  absent  except  in 
restricted  layers,  and  while  the  rock  is  sometimes  slightly  argillace- 
ous it  is  seldom  silicious.  The  magnesian  content  varies ; most  lay- 
ers effervesce  poorly,  but  some  strongly  and  some  not  at  all  in  dilute 
acid.2  The  sand-crystal  cleavages  so  frequent  in  beds  below 
(Theresa  and  Bucks  Bridge)  are  here  wanting  or  at  least  very  rare. 
Like  the  Llockport  dolomite  of  western  New  York,  this  rock  usually 
consists  of  tiny  sandlike  crystal  grains  of  dolomite  in  a calcite  or 
dolomite  cement,  and  like  that  rock  it  furnishes  an  excellent  build- 
ing stone. 

Masses  and  nodules  of  cleavable  crystalline  calcite  occur  more 
or  less  commonly,  as  also  exactly  similar  ones  of  dolomite,  dis- 
tinguishable only  by  failure  to  foam  with  dilute  acid.  These  masses 

1 N.  Y.  State  Mus.  Bui.  145,  p.  64-66. 

2 The  larger  the  percentage  of  magnesia  (dolomite  instead  of  calcite) 
in  a limestone,  the  less  readily  it  will  effervesce  (foam)  with  weak  acid. 
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range  from  a few  millimeters  up  to  several  inches  in  size,  or  some- 
times become  veinlike  and  parallel  to  the  bedding.  They  vary 
from  white  to  salmon  or  flesh  colors,  buff,  or  even  gray  like  the 
matrix.  Less  commonly,  but  specially  near  the  base  of  the  forma- 
tion, small  geode  cavities  are  found,  lined  with  dogtooth  calcite, 
dolomite  rhombohedrons,  or  clear,  sparkling  quartz  crystals. 

Although  a firm  rock  when  fresh,  even  running  quite  tough  and 
hard  to  work,  it  usually  weathers  rather  weak  or  even  very  soft, 
with  rounded  edges.  In  the  typical  sections  near  Ogdensburg  occur 
two  or  three  lentils  of  hard,  creamy  white  sandstone  abruptly  inter- 
calated in  the  limestones,  each  in  turn  overlaid  by  a bed  composed 
of  the  peculiar  spongelike  fossil,  Cryptozoon.  These  may  be  mostly 
of  higher  horizons  than  the  basal  stuff  that  appears  on  our  map 
area;  but  Cryptozoon  masses  are  so  abundant  in  the  drift  of  the 
northwest  corner  (locality  3)  as  to  suggest  a local  derivation,  and 
a Cryptozoon  stratum  in  place  occurs  in  the  Rutland  Railway  cut 
at  the  Madrid- Potsdam  turnpike  crossing  (locality  10).  The  under- 
lying sandstone  lentils  have  not,  however,  been  observed  here. 

“ Black  ” shaly  partings  in  the  lower  beds,  such  as  are  shown 
well  in  the  Cedar  Croft  quarry  on  the  state  road  west  of  Ogdens- 
burg, have  been  noted  in  the  old  quarry  north  of  the  Rutland  Rail- 
way a mile  west  of  Norwood  (locality  16)  and  also  in  the  state 
road  quarry  on  the  east  bank  of  the  Raquette  river  2 miles  south 
of  Norwood  (on  the  Potsdam  quadrangle)  where  one  of  the  shale 
seams  divides  this  formation  from  that  next  below  (Hewittville 
beds).  Dark  (“  black”)  chert  nodules  have  been  found  along  the 
Raquette  river  in  loose  blocks  apparently  from  these  lower  beds, 
associated  with  or  replacing  Cryptozoa  and  Orthocerata. 

The  dolomitization  of  the  rock,  or  perhaps  rather  its  recrystalliza- 
tion during  dolomitization,  has  fairly  obliterated  what  must  once 
have  been  an  abundant  fauna,1  judging  from  the  faint  traces  of 
fossils  common  in  many  of  the  layers.  Occasionally  something  of 
interest  has  withstood  the  process.  A loose  block  in  the  river  at 

doctor  Ulrich  comments  (in  litt.) : “According  to  my  observations 

there  is  no  warrant  for  the  common  belief  that  dolomitization  has  oblit- 
erated any  considerable  part  of  the  fossil  contents  of  dolomitic  forma- 
tions.” Blackwelder,  however,  in  his  study  of  the  Bighorn  dolomite 
(Geol.  Soc.  Amer.  Bui.  24,  p.  624  et  ante)  has  reached  a different  con- 
clusion; and  the  writer  knows  of  no  other  explanation  for  the  facts  seen 
repeatedly  in  dolomites,  such,  for  example,  as  the  Lockport  of  western 
New  York.  Compare  also  Van  Tuyl  in  Science  No.  1141,  Nov.  10,  1916, 
especially  p.  688. 
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Yaleville  (Waddington  quadrangle),  furnished  a closely  chambered 
cephalopod  shell  resembling  Cameroceras  tenu  is  e p t u m 
of  the  Chazy.1  This  may  be  merely  a well-grown  specimen  of 
Proterocameroceras  brain  erdi,  a Fort  Cassin  Beek- 
mantown  fossil2  with  which  silicified  specimens  in  poor  condition 
were  provisionally  identified  from  the  basal  beds  below  the  Rutland 
Railway  bridge  over  Trout  brook  (locality  12).  Gastropods  are 
more  abundant;  species  of  Eccyliopterus  (?)3  with  solute  body- 
whorl  in  the  old  quarry  south  of  the  Rutland  tracks  at  locality  16 
a mile  west  of  Norwood,  besides  many  loose  specimens  that  Doctor 
Ruedemann  calls  “Maclurea  compare  s o r d i d a and  matu- 
t i n a ”4  the  former  of  Fort  Cassin  and  the  latter  of  Tribes  Hill 
age  elsewhere  ;5  also  an  Ophileta  like  O.  1 e v a t a,6  numerous  in  a 
loose  slab  below  the  Hewittville  lower  dam  (locality  23)  on  the 
Potsdam  sheet. 

In  a gutter  exposure  along  the  Rutland  tracks  just  beyond  the 
old  quarry  above  mentioned,  a single  layer  contained  a small, 
pointed  Linguloid,  probably  Lingulepis  acuminata 
sequens7  described  from  the  Beekmantown  of  Ticonderoga,  and 
two  other  poorly  preserved  species  of  brachiopods  which  Doctor 
Ruedemann  assigned  to  Syntrophia  lateralis8  and  P o 1 y- 

1Orthoceras  tenuiseptum  Hall,  Paleontology  of  N.  Y.  1:35; 
pi.  7,  fig.  6.  See  N.  Y.  State  Mus.  Bui.  90,  p.  408;  pi.  3-6.  Doctor  Ulrich 
suggests  that  this  specimen  may  represent  a species,  “ like  Endoceras 
montrealense,  that  is  common  about  this  horizon  and  distinct  from 
C.  tenuiseptum.”  (See  Orthoceras  montrealensis  Bil- 
lings, G'eol.  of  Can.,  p.  121,  fig.  37  a-c.  N.  Y.  State  Mus.  Bui.  90,  pi.  9.) 

2Orthoceras  brainerdi  Whitfield.  See  N.  Y.  State  Mus.  Bui. 
90,  p.  405 1 pl.  1-2. 

8 Doctor  Ulrich  thinks  this  shell  may  be  his  E.  planidorsalis 
(unpublished?),  “a  characteristic  and  very  widely  distributed  species.” 

4 Hall,  Paleontology  of  N.  Y.  1:10;  pl.  3,  figs.  2-2a  and  3,  respectively. 
Maclurites  sordidus  and  m a it  u t i n u s,  in  U.  S.  Nat.  Mus. 
Bui.  92,  p.  780. 

5 Both,  according  to  Ulrich,  occurring  in  division  D of  the  Beekman- 
town, however. 

6 Vanuxem,  3d  Dist.,  p.‘  36,  fig.  1.  See  Pal.  of  N.  Y.  1 :ii,  fig.  1;  pl.  3> 
fig.  4-5.  Given  as  from  the  Little  Falls  formation  in  U.  S.  Nat.  Mus. 
Bui.  92,  p.  879.  This  may  be  one  of  the  various  forms  called  O.  com- 
planata  or  perhaps  more  likely  the  O.  comp  a eta  of  Salter  (see 
Geol.  of  Can.,  p.  102,  fig.  9a-b;  and  p.  115,  fig.  23a-b). 

7 Walcott,  Smithsonian  Misc.  Coll.  53,  p.  72,  pl.  8,  fig.  4.  Lingula 
acuminata  in  Pal.  of  N.  Y.  8,  pt  1,  pl.  1,  fig.  1-2,  not  of  Conrad. 

“Triplesia  lateral  li  s Whitfield.  See  Pal.  of  N.  Y.,  8,  pt  2, 
p.  216,  pl.  62,  fig.  1-10. 


Plate  io 


A.  Disconformity( ?)  in  the  Beekmantown  beds  in  old  quarry  on  Raquette 
river,  west  of  Yaleville  one  mile  north  of  Norwood  (Waddington  quad- 
rangle). The  locality  where  Winchell  and  Schuchert  collected.  (Looking 
northeasterly) 

See  page  38. 


B.  Perspective  view  of  same  ledge.  The  beds  above  and  below  this  break 
appear  to  be  alike,  supposedly  Ogdensburg;  but  unless  those  below  are 
actually  Bucks  Bridge,  or  some  new  member,  this  may  be  a “ pseudo- 
disconformity.” 
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toechia  apicalis(?)1  of  the  Fort  Cassin  fauna.  Two  or 
more  species  of  Cryptozoon 2 from  localities  already  specified,  and 
a finely  branching  structure  supposed  to  t>e  a nullipore  (calcareous 
seaweed)  from  the  townline  road  bridge  over  Trout  brook  2 miles 
east  of  Madrid  (locality  13),  complete  the  forms  collected  by  the 
writer  on  the  Canton  quadrangle.  The  higher  portions  of  the 
formation  on  the  Ogdensburg  and  Waddington  sheets  contain  a 
larger  number  of  species  and  better  preserved,  yet  the  forms  enu- 
merated here  are  sufficient  to  show  in  these  lowest  beds  the  pres- 
ence of  the  Ogdensburg  fauna  and  its  near  relations  to  that  of  the 
“ division  D ” Beekmantown  or  Cassin  formation  of  Cushing.3 

With  the  exception  of  the  Cryptozoon  layers  previously  men- 
tioned, it  seems  possible  that  all  our  exposures  fall  within  the  basal 
10  or  15  feet  of  the  formation,  though  this  base  may  not  be  the 
same  at  all  localities  on  account  of  unconformity  with  the  subfloor. 
This  unconformity  may  be  seen  on  the  west  bank  of  Trout  brook 
(locality  12)  in  the  joint  faces  of  the  beds,  and  is  emphasized  by 
the  discontinuous  distribution  of  the  Hewittville  calcilutites,  as  well 
as  by  the  abrupt  lithologic  change.  At  Hewittville  the  contact  zone 
is  rendered  conspicuous  by  being  a water-bearing  plane  with  sec- 
ondary solution  and  recrystallization,  while  in  the  quarry  farther 
downstream  it  consists  of  a strong  shale  parting  as  before  noted. 
The  hiatus  corresponds  to  the  absence  of  at  least  “ division  C ” of 
the  Beekmantown. 

Possible  Trenton  Limestone  Outlier 

On  Thomas  Veitch’s  farm  just  southwest  of  the  road  bridge  over  - 
Brandy  brook  (locality  4)  may  be  seen  by  the  roadside  large  slabs 
of  undoubted  Trenton  shaly  limestone  full  of  finely  preserved  shells 
of  the  brachiopod  Rhynchotrema  increbescens,4  and 

1Hemipronites  apicalis  Whitfield.  See  ibid.  8,  pt  1,  p.  239, 
pi.  7A,  fig.  26-30. 

2 The  species  described  from  the  Beekmantown  formation  are  C. 
s t e e 1 i,  C.  w i n g i,  and  C.  saxiroseum  of  Seely  from  the  Cham- 
plain valley  (5th  Vermont  Rep’t),  C.  lachu  tense  of  Dawson  from 
Quebec,  C.  gig  anteum  of  Chaney  and  C.  minnesotense  of 
Winchell  (with  var.  libertatis)  from  Minnesota  (Shakopee  dolom- 
ite). The  columnar  form  from  locality  10  is  a new  species,  Doctor  Ulrich 
says. 

*’N.  Y.  State  Mus.  Bui.  95,  p.  363. 

4 Hall  (as  Atrypa),  Pal.  of  N.  Y.  1:146,  289;  pi.  33,  fig.  i3a-h. 
Rhynchotrema  inaequi  valve  of  Schuchert  and  others,  but  see 
U.  S.  Nat.  Mus.  Bui.  92,  p.  1124-25.  Identified  by  courtesy  of  Doctor 
Ruedemann. 
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with  other  characteristic  Trenton  bryozoa  and  brachiopods  such  as 
Stictopora  elegant  u la1  and  Dinorthis  pecti- 
nella.2  Now  Mr  Veitch  and  his  sons  state  that  these  fragments 
were  removed  as  an  originally  single  and  continuous  slab  about  io  by 
15  feet  but  only  5 inches  thick,  from  a ledge  which  lay  so  near  the 
surface  as  to  interfere  with  the  plow.  They  say  that  this  was 
lifted  with  crowbars  and  afterwards  broken  for  removal,  and  that 
similar  shaly  and  shelly  rock  formed  a supposedly  solid  ledge  under 
it.  The  spot  is  now  recovered  with  earth,  the  location  being  marked 
only  approximately  by  a swell  of  ground. 

It  is  difficult  to  believe  that  this  thin-bedded  material  could  have 
been  glacially  transported  in  such  broad  slabs  from  the  nearest 
known  exposures  in  Canada  without  disruption,  since  these  are  fully 
25  miles  away  (see  the  outline  map  on  page  6).  All  the  other  Tren- 
ton drift  fragments  known  to  the  writer  in  this  region  are  small  (not 
over  3 feet)  and  well  rounded.  To  be  sure,  Bucks  Bridge  slabs 
up  to  12  feet  square  are  known,  but  these  have  not  traveled  far 
and  are  both  thicker  and  tougher.  On  the  other  hand  it  is  entirely 
contrary  to  expectation  that  there  should  be  here  any  Trenton 
strata  in  place  or  other  than  erratic.  The  Trenton  limestone  belongs 
far  above  the  Ogdensburg,  with  the  Chazy  and  other  formations 
intervening.  But  this  mass  lies  in  one  of  the  anticlinal  reentrants 
of  the  Beekmantown  front  and  close  down  to  lower  Bucks  Bridge 
rocks  (perhaps  not  in  place  but  nevertheless  significant)  in  the 
bed  of  the  brook  hard  by.  If  not  a glacial  erratic,  then  a great 
post-Beekmantown,  pre-Trenton  erosion  is  here  indicated.  The 
little  knoll  on  which  Mr  Veitch’s  house  stands  is  a small  drumloid, 
as  shown  by  a well  he  was  digging,  but  just  possibly  its  core  may 
be  a tiny  Trenton  outlier  resting  down  on  Bucks  Bridge  with  entire 
absence  by  erosion  of  the  Ogdensburg  beds  (the  Chazy  and  Black 
River  may  not  have  been  deposited  in  this  area).  In  that  case  it 
would  be  a most  interesting  link  between  the  now  sundered  Trenton 
limestones  of  Jefferson  county  and  Canada.  The  spot  where  it  lies 
is  well  suited  for  preservation  of  such  a remnant.  It  must  be 
admitted,  however,  that  the  facts  fail  to  prove  this  theory,  though 
they  justify  directing  the  attention  of  others  thus  to  the  locality. 

1 Hall,  Pal.  N.  Y.  1 75,  pi.  26,  fig.  4a-g.  Identified  by  the  writer. 

2 O r t h i s pectinella  Emmons,  2d  Dist.,  p.  394,  fig.  2.  See  Pal. 
N.  Y.  1:123,  pl.  32,  fig.  10. 
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Resume  of  Stratigraphy 

Inasmuch  as  the  Heuvelton  sandstone  is  the  only  one  of  the 
Paleozoic  formations  on  the  Canton  quadrangle  that  can  be  seen 
in  anything  like  continuous  section  from  base  to  summit  with  both 
contacts  exposed,  our  knowledge  of  the  thickness  of  the  others 
must  finally  depend  on  intelligent  and  accurately  kept  records  of 
deep  wells  or  borings.  Such  records  will  be  of  great  public  service 
if  the  drillers  will  cooperate  with  the  State  Geologist  in  making 
them  available.  The  composite  section  obtained  by  the  uncertain 
patching  together  of  many  scattered  outcrops  gives  the  following 
recognizable  divisions,  in  ascending  order,  with  these  approximate 
thicknesses : 

Cambrian  or  Taconic 

Age  uncertain,  perhaps  older  than  Saratogan 

Typical  Potsdam  (red)  sandstones  and  conglom- 
erates   0-150+  ft. 

(Possible  unconformity) 

Saratogan  or  Ozarkian 

“ Potsdam  ” (Keeseville?)  sandstone  (mostly 

white)  o?-ioo?  ft. 

(Sequence  interrupted;  conformable  else- 
where) 

Theresa  mixed  beds,  dolomites  and  sand- 


stones  at  least  50  ft. 

Age  uncertain,  probably  Ozarkian 

Heuvelton  white  sandstone 10-25?  ft. 

(Disconformity) 

Ordovician  or  Champlainic 
Canadian  ( Beekmantownian ) 1 


Bucks  Bridge  mixed  beds,  dolomite  and  sand- 


stone   50-75  ft. 

(Unconformity) 

Ogdensburg  dolomite,  basal  part  only perhaps  30  ft. 


(Section  continued  on  the  Waddington  sheet) 

1 Dr  P.  E.  Raymond  has  advanced  the  suggestion  that  the  Tribes  Hill 
beds  are  Ozarkian  rather  thani  Canadian,  so  that  our  Bucks  Bridge,  if 
equivalent,  may  need  to  be  reclassified  above.  See  Amer.  Jour,  of  Sci., 
30:344. 
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A well  drilled  in  the  northwest  corner  of  the  quadrangle  might 
therefore  pass  through  400  or  500  feet  of  Paleozoic  strata  before 
reaching  the  Precambrian  crystallines.  The  supposed  underground 
relations  of  these  rocks  are  shown,  with  great  exaggeration  of  thick- 
nesses and  dips,  in  the  diagrammatic  colored  cross-sections. 


Trenton  limestone? 


Precambrian  rocks 
(gneiss,  schist, 
marble,  quartzite, 
gabbro  etc.) 


Ogdensburg  dolomite 

Hewittville  calcilutites 
Bucks  Bridge  mixed  beds 

Heuvelton  sandstone 
Theresa  mixed  beds 

(Sequence  concealed) 
“White  Potsdam  ” sandstone 

Typical  red 

Potsdam  sandstone 

Precambrian 


Fig.  5 Columnar  diagram  of  strata,  showing  the  relations  to  one  another,  and 
to  the  Precambrian,  of  the  Paleozoic  formations  described  on  the  Canton 
quadrangle 


THE  GEOLOGICAL  HISTORY  - 
Interpretation  of  the  Paleozoic  Record 
To  reclothe  the  bones  of  the  dead  past  is  the  primary  purpose 
of  geology.  So  closely  are  fact  and  interpretation  interwoven  that 
the  latter  has  inevitably  obtruded  here  and  there  into  the  discussion 
of  the  rocks  and  their  distribution.  For  an  orderly  presentation  of 
the  strangely  varied  past  of  our  region  yet  other  items  must  now 
be  elicited,  and  the  narrative  must  involve  some  repetition  of  what 
has  already  been  said. 
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The  sandstones  of  the  Potsdam  represent  the  residuum  of  insolu- 
ble, perdurable  quartz  sand  from  prolonged  deep  and  thorough 
weathering  of  the  Precambrian  gneisses  and  quartzites.  Their  red 
color  marks  the  complete  oxidation  of  the  iron  content  of  those 
rocks  freed  by  the  total  destruction  of  the  amphiboles  (hornblende 
etc.),  pyroxenes  and  dark  micas  of  the  gneisses.  At  favored  points 
this  iron  was  concentrated  in  the  regolith  of  the  rotting  crystallines, 
and  incorporated  as  ore  deposits  in  the  basement  of  the  Potsdam 
sands  accumulating  above.  The  sands  themselves  bear  evidence 
at  many  places  of  being  wind-drifted,  more  particularly  in  their 
lower  portions.  The  cross-beddings  in  the  Hannawa  quarries  are 
quaquaversal,  on  a giant  scale  and  at  depositional  angles  too  steep 
for  water-saturated  sands.  Quite  confidently  these  are  petrified 
sand  dunes.  The  total  absence  of  fossils,  the  undercut  erosion, 
so  evidently  of  a sandblast  character,  in  the  Grenville  quartzites 
at  some  of  the  contacts,  and  the  fine,  even  nature  of  the  sand  itself 
right  up  to  the  contacts,  all  suggest  eolation.  In  short,  our  early 
Potsdam  land  was  a vast  desert  of  wind-shifting  sands  when  it 
sank  slowly  beneath  the  advancing  Cambrian  sea.  Its  surface  was 
not  flat,  but  rather  it  had  the  form  of  a corroded  peneplain  above 
which  rose,  often  steeply,  knobs  and  ridges  of  the  more  resistant 
quartzites  and  granite-gneiss,  sometimes  to  heights  of  200  or 
300  feet.  These  summits  were  probably  bare  rock,  rounded  or 
etched  by  the  wind  and  exfoliating  under  the  glare  of  the  sun.  Quite 
possibly  they  had  been  not  long  since  glaciated  by  the  Cambrian 
glaciers.  They  bore  little  or  no  vegetation  even  of  the  low  types 
such  as  mosses  and  lichens  then  in  existence,  and  rainfall  upon 
them  would  appear  to  have  been  scant  and  infrequent. 

The  suggestion  of  glaciation,  made  less  improbable  by  the  dis- 
covery of  unquestioned  tillite  (boulder-clay  rock  with  striated  peb- 
bles) in  the  Cambrian  strata  of  Norway,  Australia  etc.,  is  drawn 
partly  from  the  frequent  association  of  glacial  conditions  with  red- 
rock  accumulations,  and  partly  from  the  tillitelike  nature  of  the 
curious  deposit  at  Mr  Dillabaugh’s  (locality  85).  Here,  in  the  pro- 
tection of  an  almost  overhanging  encircling  ledge  of  the  gneiss, 
is  a mass  that  consists  at  base  of  a regolithic  or  talus-heap  breccia 
with  residual-earth  matrix  and  secondary  quartz  and  hematite 
crystallizations  of  great  beauty ; but  above  this  lies  an  indurated 
quartzose  conglomerate  of  very  perplexing  nature.  In  lack  of 
stratification,  complete  jumbling  of  material  of  all  sizes,  and  com- 
pact character  of  the  matrix  this  closely  resembles  a glacial  ground- 
moraine,  but  the  convincing  witness  of  striated  pebbles  has  not 
yet  been  secured. 
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The  order  of  events  now  indicated  is  ( a ) peneplaiaation,  then 
( b ) slight  uplift  and  further  deep  weathering  or  rotting  under 
moist  and  warm  climate,  next  possibly  (c)  glaciation,  followed  by 
(d)  arid,  cold,  desert  conditions  with  free  sweep  to  the  winds, 
finally  ( e ) slow  submergence  under  an  encroaching  sea. 

That  this  sea  came  in  from  the  northeast  is  well  known.1  It 
appears  to  have  first  invaded  our  quadrangle  from  the  east  as  a 
bay  making  westward  from  Hannawa  and  finally  penetrating  nar- 
rowly through  the  Harrison  Creek  strait  as  far  as  Dekalb  (Gou- 
verneur  sheet).  Whether  it  was  simultaneously  entering  the  north- 
ern border  of  the  quadrangle  as  the  edge  of  a large  and  deeper 
bay  occupying  the  primitive  St  Lawrence  valley  can  not  be  certainly 
told  until  well-drilling  proves  the  existence  of  the  red  beds  there, 
but  such  is  the  general  assumption  and  our  cross-sections  are 
based  upon  it. 

The  sea  continued  to  advance  and  red  sandstones  to  be  deposited 
until  probably  the  most  of  the  southern  third  of  the  quadrangle 
was  submerged  and  a hundred  feet  or  more  of  strata  had  been  laid 
down  in  the  deeper  hollows.  At  this  juncture  a slight  uplift  with 
some  disturbance,  crushing  and  faulting,  of  the  unconsolidated 
sands  seems  to  have  taken  place;  and  the  time  interval  appears  to 
have  been  sufficient  for  induration  of  the  sands  into  firm  sandstone. 
In  places,  heated  waters  seemingly  percolated  up  through  the  beds, 
jasperizing  the  sand  matrix  of  the  basal  breccias  and  possibly  some 
of  the  adjacent  Grenville  quartzites  at  the  same  time.  Mineraliza- 
tion of  the  residual  iron  ores  at  Dillabaugh’s  and  elsewhere  may 
also  be  the  work  of  this  time.  The  extent  of  this  disturbance  and 
the  length  of  time  it  consumed  can  not  now  be  affirmed.  There 
are  some  reasons  for  thinking  it  was  a break  of  major  importance, 
so  that  the  true  red  Potsdam  sandstones  would  be  much  older  than 
the  upper  white  division  which  carries  the  Saratogan  fossils  — 
possibly  even  Lower  Cambrian  (Georgian)  or  Keweenawan.  But 
other  facts  seem  to  point  to  a lesser  import. 

However  great  or  however  slight  the  interruption,  the  returning 
sea  found  a change  in  climate,  with  vegetation  decolorizing  the 
sands  now  supplied  to  it.  Its  waters  reoccupied  the  Hannawa- 
Canton  bay  spreading  a thin  basement  of  pebbly  sands,  and  crept 
upon  us  also  from  the  north  and  west  (Rensselaer  Falls),  gradually 

1 It  is  highly  desirable  that  the  reader  should  become  familiar  with 
Professor  Cushing’s  conclusions  in  Bulletins  95  (pages  272  to  294)  and 
145  (pages  8 to  60)  of  the  N.  Y.  State  Museum,  without  which  these 
pages  would  not  likely  have  been  written. 
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burying  the  intervening  irregular  promontory  of  granite-gneiss  that 
now  became  mostly  a group  of  islands.  Thus  the  upper  “ white  ” 
Potsdam  strata  were  deposited.  At  the  close  of  this  stage  the  quad- 
rangle had  changed  into  a sandy  tidal  flat  many  miles  across, 
inhabited  by  wormlike  creatures  of  which  our  knowledge  is  limited, 
and  the  burrowing  Lingulas. 

As  the  shore  pushed  farther  south  and  west,  giving  more  open, 
deeper  waters  hereabouts,  various  lime-secreting  organisms  of  the 
ocean  found  living  conditions  on  the  clean,  sandy  bottom  no  longer 
churned  by  the  waves.  These  may  have  been  mostly  calcareous 
algae,  precipitating  magnesium,  as  well  as  calcium,  carbonates. 
Thus  the  white  sands  began  to  have  thin  interbedded  layers  of 
dolomitic  muds  washed  inshore  from  the  reefs.  The  amount  of 
such  calcareous  inwash  soon  about  equaled  the  landwash  of  sand, 
and  fluctuating  currents  built  up  the  alternating  beds  of  the  Theresa 
formation. 

Submergence,  perhaps  always  intermittent  and  oscillating,  event- 
ually gave  place  to  renewed  elevation,  and  once  more  a beach  deposit 
of  white,  cross-bedded,  ripple-marked  sand  was  spread  out  across 
several  quadrangles  with  a rather  remarkably  uniform  thickness  of 
about  20  feet,  the  Heuvelton  sandstone.  In  these  sands  the  waves 
sowed  large  sea-snails’  shells,  drifted  gas-buoyed  from  deeper 
haunts,  and  burrowing  “ worms  ” still  found  sustenance. 

The  immediate  sequel  is  not  decipherable  on  our  quadrangle,  but 
before  very  long  afterward  the  area  again  became  land  for  a short 
time.  Whatever  deposits  lay  above  the  Heuvelton  were  swept  off, 
and  the  summit  of  the  latter  more  or  less  pared  away  in  places. 
This  paring  may  have  been  mostly  the  work  of  waves  during  the 
return  of  the  sea  in  the  next  period. 

Submergence  was  resumed  at  no  remote  time,  and  somewhat  the 
same  succession  of  events  was  repeated;  the  advancing  sea  spread 
beach-sands,  the  basal  Bucks  Bridge,  this  time  more  calcareous 
from  the  presence  of  the  Theresa  dolomites  in  the  area  undergoing 
erosion  and  of  gastropods  along  the  strand,  followed  by  fairly 
heavy  sandy  dolomites  carrying  plenty  of  molluscan  shells,  suc- 
ceeded in  turn  by  the  sandier  sediments  of  the  withdrawing  waters 
as  uplift  again  ensued.  Finally  we  have  barachois  (“  lagoon  ”) 
conditions  and  the  precipitation  of  fine  lime-muds  streaked  with 
storm  sands  — the  Hewittville  beds. 

The  sequel  again  is  not  recognizable  until  areas  to  the  east  are 
better  known.  Land  was  finally  established  and  a distinct  erosion 
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was  effected  before  the  ocean  came  back.  But  land  detritus  seems 
by  this  time  to  have  been  largely  exhausted  or  the  rivers  turned 
elsewhere,  for  great  beds  of  nearly  pure  magnesian  limestone,  the 
Ogdensburg,  now  accumulated,  Cryptozoon  reefs  grew  widely  and 
a normal  marine  fauna  of  molluscs  and  brachiopods  thrived.  Yet 
in  the  very  midst  of  these  limestones  an  occasional  thin  bed  of  pure 
sandstone  marks  a sudden  flood  or  sweep  of  current,  and  upon  each 
such  sand  waste  a new  Cryptozoon  colony  sprang  up. 

The  continuation  of  the  Paleozoic  sedimentary  record  lies  north- 
ward (see  the  key  map,  figure  i)  across  the  St  Lawrence.  Here 
we  find  evidence  of  further  oscillations,1  the  Chazy  limestones  with 
a basal  (Aylmer)  sandstone  resting  upon  eroded  surfaces  of  the 
Beekmantown,  while  above  these  follow  the  Black  River  and  Tren- 
ton series  of  limestones  and  calcareous  shales.  Whether  the  Chazy 
beds  ever  reached  into  our  quadrangle  is  unknown.  If  the  Trenton 
mass  at  Mr  Veitch’s  (see  page  39)  is  a true  outlier,  then  deep  erosion 
of  the  Beekmantown  dolomites  was  proceeding  in  our  area  during 
Chazy  and  Black  River  time;  and  the  Trenton  sea  transgressed 
over  the  beveled  edges  of  the  Chazy  and  Ogdensburg  strata,  already 
arched  into  the  undulations  of  today,  and  laid  its  sediments  down 
upon  those  of  the  Tribes  Hill  division  and  possibly  on  still  lower 
beds. 

After  the  completion  of  sedimentation  in  our  region,  or  perhaps 
(if  the  preceding  is  correct)  immediately  at  the  close  of  Beek- 
mantown time,  the  rocks  laid  down  in  originally  horizontal  strata 
were  thrown  into  the  gentle  undulations  they  now  exhibit.  This 
movement  may  not  have  been  single  and  simple.  More  likely  it  was 
renewed  from  time  to  time  with  each  doming  of  the  Adirondack 
massif,  and  perhaps  in  slightly  different  directions.  The  total 
result,  conditioned  in  part  by  the  belted  and  uneven  Precambrian 
floor,  is  complicated,  and  by  the  drift  covering  rendered  most  per- 
plexing. The  colored  cross  sections  show  diagrammatically  (with 
a vertical  exaggeration  of  eleven  times)  the  simplest  possible  inter- 
pretation of  the  observed  data.  Southward,  in  the  Potsdam  out- 
liers, the  amount  of  compression  becomes  clearly  greater,  perhaps 
because  in  part  referable  to  a disturbance  older  than  the  upper 
white  sandstones  (see  page  44),  but  also  in  part  involving  these 
(as  at  locality  75).  The  colored  cross  section  at  locality  80 

Consult  N.  Y.  State  Mus.  Bui.  145,  p.  17-20;  Geol.  of  Can.,  p.  123-97; 
G.  S.  of  Can.  Rep’t,  for  1899,  vol.  12,  n.  s.  (1902),  Rep.  G,  J ; Am.  Jour,  of 
Sci.  (1905)  20:353-66. 
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shows  the  actual  dips  there  observed,  without  the  exaggeration  of 
the  other  sections.  Brecciation,  or  microfaulting,  is  among  the 
other  evidences  of  the  crushing  to  which  these  brittle  sandstones 
have  been  subjected,  apparently  through  being  squeezed  between 
the  jaws  of  a Precambrian  vise  that  consisted  of  an  older  synclinal 
fold  of  gneiss  with  a marble  core.1 

Subsequent  Geologic  History 

The  complete  induration  of  the  Potsdam  sandstones  seems  to 
imply  that  they  were  for  a long  time  under  the  “ load  ” of  many 
hundreds  of  feet  of  overlying  strata.  What  these  strata  could 
have  been  is  not  so  easy  to  answer.  Discounting  the  conjectural 
Trenton  outlier,  they  may  have  consisted  in  part  of  the  Beekman- 
town,  Chazy,  and  perhaps  Black  River,  Trenton,  Utica  and  less 
probably  the  Lorraine  and  Queenston  formations.  To  these,  or 
without  them,  it  is  even  possible  there  were  added  now  vanished 
Silurian  and  Devonian  deposits.  In  fact  we  can  not  be  sure  that 
all  marine  deposition  ceased  in  the  upper  St  Lawrence  valley  until 
the  end  of  Middle  Devonian  time,  and  unknown  continental  fillings 
may  have  continued  to  be  heaped  in  from  the  wasting  Adirondacks 
only  to  be  carried  on  out  again.2 

By  general  consent  the  area  has  come  to  be  looked  upon  as  one 
that  has  remained  moderately  near  to  sea  level  throughout  the  long 
post-Precambrian  times,  but  this  may  be  erroneous.  It  may  have 
been  much  depressed,  and  also  much  elevated,  though  today  (per- 
haps accidentally)  back  at  about  the  same  stand.  But  at  the  close 
of  the  Mesozoic2  it,  and  the  areas  adjacent  even  far  into  the  Adi- 
rondacks, had  reached  the  flatness  of  surface  that  comes  from  long 
erosion  at  one  level  and  which  is  called  a peneplain.  The  surface 
of  this  peneplain  (figure  2)  is  that  of  the  present  high  land  from 
Waterman  hill  southward,  visible  from  Canton  as  a nearly  smooth 
sky  line  but  far  more  impressive  when  seen  from  the  standpipe  hill 
south  of  Gouverneur.  Into  this  peneplain,  after  its  elevation,  the 
rivers  of  Tertiary  time  cut  deep  and  often  not  very  wide  valleys. 
But  at  the  same  time  they  opened  out  a wide  flat-bottomed  valley 
(figure  2)  along  the  belt  of  Paleozoic  rocks  for  the  St  Lawrence 

1 Geol.  Soc.  of  Amer.  Bui.  26,  p.  292-94,  figs.  7-9. 

12  A summary  of  the  evidence  bearing  on  the  former  thickness  and 
extent  of  the  Paleozoic  strata  is  contained  in  Museum  Bulletin  18  of  the 
Canada  Department  of  Mines,  pages  19  to  22  (1915),  b"  M.  Kindle 
and  L.  D.  Burling. 
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of  today,  and  the  character  of  this  flat  bottom  as  a late  Tertiary 
peneplain  is  also  manifest  when  one  views  it  from  the  summit  of 
Waterman  hill.  It  is  interesting  to  note  how  closely  this  series  of 
events  parallels  those  that  preceded  the  Potsdam  deposition,  when 
a mature  Precambrian  peneplain  was  gently  elevated  and  corroded, 
just  prior  possibly  to  glaciation.  Once  again  that  sort  of  a mature 
peneplain,  hewed  mostly  across  the  same  crystalline  rocks  and  at 
very  nearly  the  same  level  in  them,  is  gently  uplifted  and  incised 
just  before  glaciation.  In  our  immediate  region  the  coincidence 
of  the  two  planes  is  so  intimate  that  one  can  not  be  sure  it  is  not 
actually  the  reuncovered  sub-Potsdam  peneplain  that  we  see  from 
Gouverneur  or  Canton.  The  writer  would  be  unwilling  to  assert 
too  confidently  that  it  is  not  just  that,  though  theoretically  the 
Mesozoic  plain  should  control  as  one  goes  southward.  On  account 
of  the  warping  and  probable  disfiguration  of  the  older  plain  (figure 
2)  by  the  later  movements  already  discussed,  it  seems  more  likely 
that  this  very  conspicuous,  smooth,  upland  surface  is  the  product 
of  the  much  later  period  of  erosion  which  elsewhere  has  given 
us  the  well-known  late  Mesozoic  (Cretaceous)  peneplains.1 

Over  this  surface,  then,  probably  wandered  the  huge  dinosaurian 
reptiles  of  those  days,  and  above  them  flew  the  dragonlike  ptero- 
saurs. But  the  morasses  and  river  silts  into  which  their  skeletons 
fell  have  long  since  disappeared  from  here  by  erosion,  and  nothing 
remains  of  their  gruesome  occupancy.  After  them  came  the  great 
mammals  of  the  Cenozoic  (Tertiary)  ; and  they  too  have  passed 
away,  along  with  the  land  surface  on  which  they  trod.  Yet  the 
St  Lawrence  region  as  they  saw  it  must  have  been  in  many  ways 
a good  deal  like  the  present,  with  many  of  the  same  hills  and 
valleys.1 

The  closing  chapters  are  those  of  the  ice  invasions  and  their 
aftermath  of  glacial  lakes  and  marine  submergence,  a brief  account 
of  which  follows. 

SURFACE  GEOLOGY 

The  Pleistocene  geology  of  the  Canton  quadrangle  is  fully  as 
complex  in  its  mappable  elements  as  is  that  of  the  rocks,  and  since 
these  can  not  therefore  be  shown  on  the  present  map,  they  will  be 
merely  summarized  here. 

lrThe  currently  assigned  ages  of  these  peneplains  (preferably  spelled 
“ peneplanes  ”)  has  been  lately  (1916)  questioned  by  Eugene  Wesley  Shaw 
at  the  Albany  meeting  of  The  Geological  Society  of  America.  Mr  Shaw 
believes  them  to  be  of  much  more  recent  date.  G.  S.  A.  Bui.  28:128. 
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Preglacial  and  Glacial 

Preglacial  erosion  and  drainage.  Whatever  form  erosion  took 
during  the  long  stretches  of  later  Paleozoic,  Mesozoic  and  Tertiary 
time,  whether  canyon-cutting  through  rapidly  uplifted  strata  with 
subsequent  reduction  of  the  divides,  or  slow,  continuous,  base- 
leveling of  a slowly  rising  surface,  its  net  preglacial  product  could 
not  have  differed  much  from  that  of  today.  Professor  Fairchild 
believes  that  the  stream  adjustment  on  this  northwestern  side  of 
the  Adirondacks  was  similar  to  that  now  existing  on  their  south- 
western flank,  namely,  that  a major  valley  was  developed  in  a 
tangential  direction  along  the  surface  contact  of  the  crystallines 
with  the  edge  of  the  overlapping  Paleozoics,  and  that  this  received 
the  radial  flow  from  the  highland  within.1  Our  concealed  zone 
with  its  absence  of  outcrops  along  the  Paleozoic  frontier  may  be 
a local  remnant  of  the  course  of  this  ancient  trunk  valley  through 
this  heavily  ice-scoured  trough.  More  certain  is  it  that  the  ancient 
rock-valley  of  the  Raquette  past  South  Colton  continues  northwest 
from  Higley  Falls  into  the  southeast  corner  of  our  sheet,  where 
it  is  now  occupied  by  only  tiny  Conner  (Leonard)  brook.  The 
present  deflection  of  the  Raquette  toward  Colton  and  Potsdam  is 
maintained  merely  by  a weak  remnant  of  its  gravelly  delta  built 
in  Lake  Iroquois  (see  beyond).  Since  the  other  known  rock- valleys 
on  the  map,  except  that  of  the  Grass  at  and  above  Pyrites,  are  in 
belts  of  weak  rock  accordant  with  the  direction  of  glacial  flow,  it 
seems  unsafe  to  assert  for  them  any  preglacial  significance.  Some 
are  more  truly  resurrected  pre- Potsdam.  Over  the  Paleozoic  area 
the  rock  surface  appears  to  be  almost  featureless,  the  present  relief 
being  wholly  that  of  the  glacial  drift. 

Glaciation.  The  Pleistocene  glaciation  of  this  district  was 
from  the  northeast,  and  the  heavier  movement  seems  always  to  have 
been  influenced,  at  least  the  basal  currents,  by  the  course  of  the 
St  Lawrence  trough  and  its  included  strike  ridges.  The  thin  edge 
of  the  waning  ice  appears,  however,  to  have  had  a spreading  flow, 
and  as  this  gave  the  rocks  their  final  polishing,  the  compass  direc- 
tion of  the  striations  is  generally  about  south,  frequently  two  or 
three  degrees  east  of  south.  The  drumlinized  hills  show  a similar 
orientation,  as  they  too  were  the  product  of  this  thin  spreading 
ice  margin.  The  drumlins  in  particular  reveal  a curving  aline- 
ment,  swinging  slowly  and  regularly  from  southwest  in  the  northern 


1 N.  Y.  State  Mus.  Bui.  145,  p.  141-45. 
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part  of  the  sheet  (Morey  Ridge  for  example)  to  a trifle  east  of 
south  on  the  parallel  of  Canton.  All  this  accords  with  theoretical 
expectation. 

Over  most  of  the  quadrangle  the  depth  of  moraine  is  great,  and 
exposures  are  very  few.  On  the  entire  Paleozoic  area,  all  the  hills 
are  drumlins,  or  at  least  drift  in  some  form.  This  drift  is  very 
stony,  with  crystalline  boulders  from  Canada,  and  slabs  of  Pale- 
ozoic limestones  and  sandstones.  It  is  also  very  sandy,  lacking 
clayey  stiffening  because  of  absence  of  shales  to  contribute  such. 
In  the  southern  third  of  the  sheet,  the  crystalline  district,  the  rock 
surfaces  are  more  extensively  bared  and  scrubbed,  but  occasional 
drumlins  and  much  ground  moraine  exist  all  through.  Waterman 
hill  is  one  of  the  largest  of  these  drumlinized  masses.  Kame  gravels 
are  found  chiefly  in  small  patches,  but  the  Beach  plains  (see 
beyond)  and  its  feeding  esker  represent  constructional  work  by 
waters  of  glacial  melting,  such  as  exists  more  abundantly  in  the 
Colton  region  immediately  east  of  our  sheet.  Erratic  boulders 
reach  huge  proportions  along  the  southern  margin  of  the  map, 
sometimes  as  large  as  haystacks.  (Plate  u ; also  plate  2.) 

Nearly  all  the  glacial  constructional  features  have  been  subse- 
quently softened  'or  modified  by  the  action  of  static  waters  about 
to  be  mentioned. 


Postglacial  Shorelines1 

The  blockade  of  the  lower  St  Lawrence  valley  by  the  waning 
ice  sheet  produced  a lowering  succession  of  glacial  lakes,  whose 
beaches  encircle  our  steeper  hill  slopes  and  blend  with  delta  plains 
at  the  crossings  of  the  stream  valleys.  These  beaches  are  those 
of  “ Lake  Iroquois,”  at  860  to  890  feet  present  altitude,  and  lower, 
“ Lake  Emmons  ” at  690  feet,  and  “ Lake  Vermont  ” ranging  down- 
ward from  600  to  about  500  feet.  At  still  lower  levels,  from  about 
460  feet  downward,  are  the  undoubtedly  marine  beaches  of  “ Gil- 
bert gulf  ” (Woodworth’s  Hochelagan  sea)  representing  a slow 
postglacial  uplift  of  our  region  out  of  the  ocean.2  Professor  Fair- 

1 Attention  should  be  called  here  to  Cushing’s  acute  early  observations 
on  these  phenomena  (50th  Rep’t  N".  Y.  State  Mus.,  2:7)  which  consider- 
ably antedated  those  of  Professor  Fairchild  and  the  writer  but  were  not 
known  to  the  latter  when  he  entered  the  region  ten  years  later. 

2 These  have  furnished  salt-water  shells  such  as  Macoma,  Saxicava 
etc.,  and  even  barnacles,  at  Massena,  Norwood,  Ogdensburg,  and  other 
points  adjacent  to  our  quadrangle. 


Plate  ii 


Huge  glacial  boulders  at  West  Pierrepont,  just  south  of  south  margin  of  Canton  quadrangle.  All  the 
masses  in  the  view  are  loose  boulders. 

See  page  50. 
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child  has  recently  presented  strong-  evidence  that  the  “ Lake  Ver- 
mont ” shore  (or  Vermont-New  York,  as  he  calls  it  in  our  region) 
is  really  only  a higher  (earlier)  stage  of  the  marine  levels,  but  with 
possibly  still  fresh  or  brackish  waters  because  of  the  narrowness 
of  its  connection  with  open  ocean  and  the  large  influx  from  the 
melting  glacier.  Such  questions  of  interpretation  do  not,  however, 
affect  the  fact  that  these  several  beach  lines  are  distinct  features 
marking  fairly  prolonged  stands  of  wide  and  deep  bodies  of  water, 
with  heavy  wave  action. 

The  Beach  Plains  represent  an  esker-fan  (proglacial  delta)  in 
Lake  Iroquois,  whose  feeding  esker  is  seen  along  the  road  to 
Boyden’s  Corners.  Good  beaches  of  Lake  Emmons  may  be  seen 
just  on  the  south  margin  of  the  quadrangle  above  North  Russell. 
The  Vermont  beach  skirts  Waterman  hill,  with  deltas  at  Boyden’s 
Corners,  the  North  Russell  mill  and  Pyrites  village,  especially  west 
of  the  last.  Some  of  the  best  beaches  on  this  shore  line  are  a mile 
southeast  of  Langdon’s  Corners,  and  again  2 miles  south  of  west 
from  Little  River  settlement. 

The  Gilbert  Gulf  beaches  are  in  general,  best  displayed  on  the 
high  drumlins  in  the  northern  third  of  the  quadrangle.  Splendid 
examples  exist  on  the  hills  about  Norwood  (especially  at  the  stand- 
pipe), north  of  West  Potsdam,  and  east  of  Morley;  also  on 
Morey  ridge. 

Characteristic  diversions  of  the  streams  have  been  wrought  by 
their  own  deltas  at  Pyrites,  North  Russell  and  elsewhere,  thus 
making  available  water  power  at  these  places. 

Later  Features 

Abandoned  channels.  Several  rather  interesting  abandoned 
channels  exist  along  the  course  of  the  Grass  river,  especially  at 
Canton  and  Madrid.  They  range  from  occupancy  at  present  by 
flood  waters,  up  to  20  feet  or  more  above  present  river  level.  The 
most  remarkable  one  begins  just  northwest  of  the  “ 345  ” road 
corners,  opposite  the  sharp  bend  in  the  river  below  Canton ; that  is 
at  the  corners  where  the  road  to  the  county  house  turns  off  from 
Water  street,  2 miles  out  from  Canton.  It  continues  (plate  12,  figure 
A)  for  a mile  along  the  northeast  side  of  the  Morley  road,  from 
which  it  may  occasionally  be  seen,  and  loses  itself  finally  in  the  broad 
marshes  east  of  that  road.  A huge  rib  of  the  red  granite-gneiss 
crosses  it  at  the  north  end  of  the  first  hill  that  it  skirts,  forming 
a dry  cataract.  This  channel  agrees  in  level  with  the  sand  plain 
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extending  behind  it  south  and  east  for  a mile  or  more,  for  which 
it  is  probably  responsible. 

Wind  work.  Sand  dunes  are  common  throughout  much  of  the 
quadrangle.  Usually  they  are  small,  3 to  10  feet  high,  and  grassed 
over.  Three  miles  east  of  Canton,  north  of  the  Crary  Mills  road, 
they  constitute  a drifting  area.  No  such  conspicuous  dune  areas 
as  those  on  the  Potsdam  quadrangle  to  the  east  have  been  found 
on  our  sheet,  the  best  bit  seen  being  shown  in  plate  12,  figure  B. 

Recent  ferruginous  conglomerates.  Along  the  right  bank  of 
the  Grass  river  below  Morley,  the  rock  exposures  in  the  river 
bed  are  coated  with  a firm  conglomerate  containing  millions  of 
old  iron  nails  cemented  by  their  own  rust.  Rev.  C.  H.  Fenton 
states  that  an  “ ashery  ” was  conducted  at  this  point  by  his  grand- 
father. The  deposit  extends  for  many  yards,  has  a thickness  of 
several  inches,  and  successfully  resists  removal  by  the  stream. 

A more  extensive  iron-conglomerate  was  found  by  Doctor  Martin 
in  the  river  bed  above  the  mills  at  Pyrites.  This  is  an  indurated 
mass  of  talus  or  shingle,  containing  boulders  up  to  half  a ton  in 
weight,  with  a limoniti.c  matrix  derived  probably  from  the  tailings 
of  the  old  pyrite  mine.  It  covers  many  square  rods,  often  to  a 
depth  of  2 or  3 feet,  thus  masking  a part  of  the  rock  exposures. 

ECONOMIC  RESOURCES 

Sandstones  and  Limestones 

Active  quarrying  on  the  Canton  quadrangle,  except  for  road 
metal  is  not  going  on  today,  though  everywhere  are  the  remains 
of  past  workings  and  many  sightly  structures  have  arisen  from  their 
output.  The  reason  for  this  decadence  is  the  expansion  of  the 
Potsdam  sandstone  quarries  at  Hannawa  just  over  the  one  border, 
and  of  the  marble  at  Gouverneur  not  far  over  the  other.  The  red 
Potsdam  is  not  likely  to  be  again  exploited  on  our  quadrangle, 
nor  is  the  white  (upper)  sandstone  favorable  for  building  stone, 
but  that  at  the  old  south  quarry  of  locality  77,  near  Canton  vil- 
lage, ought  to  be  tested  as  an  abrasive. 

The  Theresa  sandy  dolomites  are  good  road  metal,  fairly  tough 
and  inclined  to  “ bind,”  but  deteriorate  on  weathering.  The  Heu- 
velton,  though  too  silicious  and  brittle  for  the  roads,  has  been  used 
as  a building  stone  at  Morley  (page  28).  The  middle  limestones 
in  the  Bucks  Bridge,  which  have  been  quarried  and  used  at  Madrid 
(locality  8)  in  the  stone  bridge  and  mills,  are  the  most  satisfactory 
and  enduring  rock  in  the  quadrangle.  The  Ogdensburg  formation 


Plate  12 


A.  Abandoned  channel  of  the  Grass  river  two  miles  north-northwest  of  Canton 
(north  of  locality  69),  east  of  the  road  to  Morley.  Looking  south-south- 
west obliquely  down  upon  the  channel,  which  appears  darker  than  the  side 
slopes. 

See  page  51. 


B.  Wind-drifted  sand  burying  a cedar  grove  south  of  the  Rutland  Railway 
three  miles  east  of  Madrid  depot  (north  from  Burnham  Corners).  (Look- 
ing easterly) 

See  page  S2. 


Hit 
OF  THE 

ef  hums 


PALEOZOIC  ROCKS  OF  THE  CANTON  QUADRANGLE 


53 


also  carries  good  stone  for  buildings  and  for  lime,  but  the  better 
localities  are  somewhat  beyond  our  boundaries.  This  stone  was 
burned  on  the  “Jake  Todd”  farm  (locality  6),  2 miles  west  of 
Madrid  depot. 

Iron  Ore 

The  iron  ore  workings  are  also  but  vestiges.  The  deposits,  how- 
ever interesting  scientifically,  proved  altogether  too  limited  and 
uncertain  for  extraction.  The  principal  prospect  holes  were  at 
localities  74  and  79  with  other  occurrences  of  the  ore  at  70  and  85, 
the  material  in  all  cases  being  red,  earthy  hematite,  accompanied 
by  more  or  less  of  the  shining  black  crystals  in  cracks  and  vugs. 

LITERATURE  AND  MAPS 

1836.  In  the  apportionment  of  the  State  among  the  geologists 
of  the  original  survey,  northern  New  York  (the  “ second  district  ”) 
fell  to  Prof.  Ebenezer  Emmons  of  Williams  College.1  In  common 
with  his  colleagues,  Emmons  submitted  annual  reports  of  progress 
which  were  published  as  legislative  matter,  but  their  contents  were 
assembled  in  the  final  reports.  The  pages  special  to  our  area  are 
from  the  following  Assembly  documents:  1837,  no.  161,  p.  29-32 
(Beck  on  iron  ores)  ; 1838,  no.  200,  p.  209,  214-19  (Emmons  on 
iron  ore  and  Potsdam  sandstone)  ; 1839,  no.  275,  p.  62—63  (Conrad’s 
classification  of  the  “ New  York  System  ” of  rocks)  ; 1840,  no.  50, 
p.  347-49  (Emmons  on  Potsdam  sandstone). 

1842.  In  1842  appeared  Emmons’s  final  “Report  on  the  Geology ► 
of  the  Second  District  ” as  volume  2 of  part  4 Geology,  of  the 
“ Natural  History  of  the  State  of  New  York.”  Our  Paleozoic 
rocks  were  all  included  in  the  two  divisions  “ Potsdam  Sandstone  ” 
and  “ Calciferous  Sandrock  ” of  the  “ Champlain  group  ” and  are 
described  in  detail  on  pages  99  to  106, 2 their  distribution  in  St 
Lawrence  county  being  given  in  pages  360  to  363  and  in  the  sec- 

1 Consult  State  Museum  Bulletin  56,  page  8,  etc.  Interesting  accounts, 
with  portraits,  of  many  of  the  men  mentioned  in  this  chapter  will  be 
found  in  'the  History  of  American  Geology  by  Dr  George  P.  Merrill  in 
the  1904  report  of  the  U.  S.  National  Museum,  pages  189-734.  Two  earlier 
papers  are  worth  mention,  namely  John  Finch’s  “ Essay  on  the  Mineralogy 
and  Geology  of  St  Lawrence  County,”  Amer.  Jour.  Sci.,  19:220-28  (1831), 
and  the  “ Sketch  of  the  Mineralogy  of  a Portion  of  Jefferson  and  St  Law- 
rence Counties”  by  Dr  J.  B.  Crawe  and  Asa  Gray,  ibid.  25  1346-50  (1834). 

2 Emmons  made  the  curious  mistake  of  locating  Hannawa  on  the  Grass 
river  (page  360),  a slip  that  has  been  followed  by  several  subsequent 
writers  on  our  building  stones. 
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tion  diagrams  on  plates  VII  and  IX,  as  well  as  depicted  on  the 
separately  published  1842  “ Geologic  Map  of  the  State  of  New 
York  ” by  Emmons,  Vanuxem,  Mather  and  Hall.  Emmons’s  ideas 
on  the  origin  of  the  red  iron  ore  (pages  97-98)  have  already  been 
mentioned. 

1863.  Across  the  river  lies  Canada,  and  the  dividing  line 
although  a river  is  not  a geologic  boundary,  as  the  key  map  (figure 
1)  clearly  shows.  In  1863  appeared  Sir  William  E.  Logan’s  “ Geol- 
ogy  of  Canada using  Emmons’s  names  for  the  formations  and 
giving  much  detail  of  their  distribution  just  over  the  line  (pages 
87  to  122).  It  is  easy  to  recognize,  in  the  careful  sections,  the 
various  members  to  which  we  are  now  supplying  names.  The  map 
in  the  atlas  accompanying  this  book  (not  printed  until  1865)  covers 
New  York  State  also,  this  portion  contributed  by  our  own  State 
Geologist,  Dr  James  Hall.  But  this  map  was  only  a reduced  prelim- 
inary copy  of  the  large  “ Geological  Map  of  Canada”  issued  the  fol- 
lowing year,  copies  of  which  are  very  rare.  A few  years  later 
T.  B.  Brooks  examined  the  iron  mines  of  Rossie,  near  Keene,  and 
published  his  observations  already  commented  on  (American 
Journal  of  Science,  July  1872,  4:22-26). 

1873.  Except  for  a map  of  the  eastern  United  States  by  Hall 
in  the  27th  Museum  Report  (1875),  and  the  notes  in  Macfarlane’s 
“Geological  Railway  Guide”  (1879),  nothing  further  of  conse- 
quence was  printed  concerning  our  area  until  1888,  when  the  New 
York  State  Museum  bulletins  began  to  appear.  In  bulletins  3,  7 
and  10  (1888,  1889,  1890)  Prof.  J.  C.  Smock  of  Rutgers  College 
reviewed  the  economic  aspects  of  our  building  stones  and  iron  ores, 
but  without  specific  mention  of  any  workings  within  our  quad- 
rangle. Charles  D.  Walcott’s  papers  on  the  correlation  of  the 
Cambrian  in  bulletin  81  of  the  U.  S.  Geological  Survey  include 
several  mentions  of  our  rocks,  especially  pages  203-5,  244>  341-42> 
363,  381,  and  the  maps  of  plates  I and  II  (1891).  Incidental  value 
attaches  also  to  the  papers  by  Prof.  C.  H.  Smyth,  jr,  then  of  Ham- 
ilton College,  “A  Geological  Reconnoissance  in  the  Vicinity  of 
Gouverneur  ” in  the  Transactions  of  the  New  York  Academy  of 
Science,  12:  97-108  (1893),  especially  pages  102-4;  and  “General 
and  Economic  Geology  of  Four  Townships  in  St  Lawrence  and 
Jefferson  Counties  ” in  the  13th  Report  of  the  State  Geologist 
(1894),  pages  491  to  515,  especially  pages  500-11;  and  by  Prof. 
N.  H.  Winchell,  geologist  of  Minnesota,  on  “ The  Potsdam  Sand- 
stone at  Potsdam,  N.  Y.”  in  the  21st  Minnesota  report,  pages  99 
to  1 12  (1893),  all  of  which  have  been  cited  in  the  preceding  pages. 
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1894.  Map  work  was  resumed  in  1894  with  the  appearance  of 
Hall’s  “Preliminary  Geologic  Map  of  New  York ” a large  wall 
map  compiled  by  W.  J.  McGee  of  the  U.  S.  Geological  Survey, 
followed  by  Dr  F.  J.  H.  Merrill's  “ Economic  and  Geologic  Map  ” 
of  the  State,  which  was  reissued  in  Bulletins  15  (1895)  and  85 
(1905).  The  latter  marks  no  advance  in  the  knowledge  of  our 
area,  while  the  former  recognizes  the  inadequacy  of  previous  work  by 
leaving  most  of  our  region  blank!  Attention  thus  being  directed  to 
our  needs,  results  soon  followed. 

1895.  Mention  may  be  made  here  of  the  fourth  edition  of  Dana’s 
“ Manual  of  Geology  ” for  its  improved  classifications  and  its  con- 
cise summary  of  previous  knowledge,  which  render  it  a starting 
point  for  future  work  (1895),  and  of  an  important  paper  by  Dr 
R.  W.  Ells  on  “ The  Potsdam  and  Calciferous  formations  of  Que- 
bec and  Eastern  Ontario”  (Can.  Roy.  Soc.  Proc.  and  Trans.,  12, 
sect.  4,  p.  21-30,  1895),  in  which  he  argues  for  the  union  and  even 
(citing  Emmons,  p.  347)  partial  contemporaneity  of  these  two 
groups  (a  view  later  urged  by  Grabau),  and  assigns  the  Potsdam 
to  the  base  of  the  Ordovician  (“  Cambro-Silurian  ”).  Elis’s 
remarks  apply,  of  course,  to  the  fossiliferous  “ white  Potsdam.” 
In  the  same  year,  Winchell  again  declared  his  belief  in  the  Keween- 
awan  age  of  the  true  (red)  Potsdam  at  Hannawa  (American 
Geologist,  16:  205-13)  and  in  1897  Merrill  discussed  the  road 
metals  of  the  State  (bulletin  17)  with  maps  still  based  on  the  old 
surveys.  More  important  was  Merrill’s  “ Guide  to  the  Study  of  the 
Geological  Collections  of  the  New  York  State  Museum”  published 
in  1898  as  Bulletin  19  of  the  museum;  particularly  pages  141-47, 
187-88,  216  and  219.  The  handsome  map  in  this  bulletin  adds  little 
to  the  early  work  on  our  area. 

1898.  In  1898  appeared  Mr  Edgar  G.  Blankman’s  “ Geography 
of  St  Lawrence  County,”  with  a section  on  its  geology  (pages  29 
to  31)  and  a small  colored  map  based  on  that  of  1842.  A new 
era  began,  however,  with  the  advent  of  Prof.  H.  P.  Cushing  of 
Western  Reserve  University,  whose  “Report  on  the  Boundary 
between  the  Potsdam  and  Pre Cambrian  Rocks  North  of  the  Adi- 
rondacks”  constituting  pages  5 to  27  of  the  16th  Report  of  the 
State  Geologist  (1898)  recorded  the  first  detailed  formation  trac- 
ing in  this  region  since  the  days  of  Emmons.  Professor  Cushing 
worked  into  the  Canton  quadrangle  from  the  east,  but  did  not  cross 
it,  being  interrupted  by  the  close  of  his  field  season.  He  recog- 
nized, however,  the  great  difficulties  presented  by  the  drift-laden 
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area  encountered  here  (page  26),  together  with  the  irregularity 
of  the  sub-Potsdam  surface  (pages  6 and  14)  ; he  also  pointed  out 
the  distinction  between  the  lower  and  upper  portions  of  the  “ Pots- 
dam ” and  the  upward  gradation  of  the  latter  into  the  “ passage 
beds  ” to  the  “ Calciferous  ” (page  13).  While  he  noted  some  dis- 
turbance of  the  strata,  he  ascribed  it  to  the  faulting  with  which  he 
had  been  familiar  in  the  Champlain  valley,  applying  this  explana- 
tion to  the  gneiss  exposed  at  Potsdam  village  and  the  red  sandstone 
area  at  Hannawa  Falls  (pages  13,  14,  24).  His  statement  (page 
24)  that  the  rocks  along  the  Raquette  from  Potsdam  to  Norwood 
“are  all  with  the  same  dip  [northwesterly],  and  manifestly  in  a 
continuous  and  undisturbed  section  ” shows  that  time  limitations 
prevented  his  seeing  all  the  exposures,  and  must  today  be  qualified. 

1899.  The  epochal  nature  of  the  times  was  signalized  in  two 
other  quarters.  Through  three  different  media  Dr  John  M.  Clarke 
and  Prof.  Charles  Schuchert  wrought  a revolution  in  the  classifi- 
cation and  naming  of  the  New  York  Paleozoic  formations 
(Science  10:874-78,  December  15,  1899;  Amer.  Geol.,  25:114-19, 
February  1900;  Memoir  3 of  the  New  York  State  Museum:  pages 
8 to  12,  1900).  For  “ Calciferous  sandrock  ” of  Eaton  and  Emmons 
they  propose  the  name  Beekmantown  limestone,  and  restore  the 
early  names  Taconic  and  Champlainic  in  place  of  Cambrian  and 
Ordovician.  In  the  following  year  (1901)  Director  Merrill  of 
the  Museum  put  out  the  present  standard  “ Geologic  Map  of  New 
York  State  ” on  the  same  scale  as  the  McGee  map  of  1894,  which 
it  was  intended  to  replace.  For  our  area  Cushing’s  boundaries  and 
unpublished  work  by  Smyth  were  used.  This  represents  the  last 
mapping  done  on  the  Canton  district  until  Doctor  Martin  and  the 
writer  entered  the  field. 

1901.  In  directions  other  than  mapping  much,  however,  has  been 
accomplished  in  the  past  sixteen  years.  In  the  19th  Report  of  the 
Geologist,  pages  rq8  to  ri03  (1901)  Smyth  described  minutely  the 
character  of  the  Potsdam  sandstones  and  of  the  surface  on  which 
they  were  laid  down,  in  the  Thousand  Islands  region;  and  in  the 
20th  report  page  r37  (1902)  the  existence  of  the  Adirondack  pene- 
plain is  suggested  by  Cushing  for  our  county.  The  character  of  the 
Potsdam  invasion  is  discussed  by  Dr  E.  O.  Ulrich  and  Professor 
Schuchert  in  Museum  Bulletin  52,  pages  636-37  (1902).  In  Bul- 
letin 56  of  the  same  year,  Merrill  describes  the  new  state  map  (of 
1901),  reviewing  in  a table  the  classifications  of  our  rocks  from 
1823  to  date.  Walcott  in  1903  (Journal  of  Geology,  11:318)  pro- 
posed Saratogan  (“  Saratogian  ”)  to  replace  Potsdamian  for  the 
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Upper  Cambrian,  and  in  the  same  year  the  Museum  issued  a Hand- 
book (no.  19)  on  the  Classification  of  the  New  York  Series  of 
Geologic  Formations,  followed  in  the  next  year  by  one  (no.  17) 
on  Economic  Geology, 'and  an  important  short  paper  on  the  “Eco- 
nomic Products  of  St  Lawrence  County  ” in  the  226.  Report  of  the 
Geologist,  pages  rii8  to  ri24,  by  Prof.  W.  N.  Logan,  then  of 
St  Lawrence  University.  The  activity  of  this  first  five  years  of  the 
new  century  culminated  in  the  appearance  of  Cushing’s  great  bul- 
letin (95  of  the  State  Museum)  on  the  “ Geology  of  the  Northern 
Adirondack  Region ” indispensable  companion  of  all  subsequent 
workers.  The  pages  that  bear  particularly  on  the  problems  of 
our  own  quadrangle  are  276-89,  354-64,  386-94,  403,  406  and 
418.  Since  this  is  available  at  a nominal  price  to  all,  it  is  useless 
here  to  do  more  than  acknowledge  again  our  great  indebtedness 
to  it. 

1906.  Fire  tests  of  the  Potsdam  sandstone  were  reported  by 
W.  E.  McCourt  in  Museum  Bulletin  100  (1906)  and  D.  H.  New- 
land  summarized  Smyth’s  theory  of  the  origin  of  the  red  iron  ores 
in  Bulletin  112,  page  38  (1907).  The*  name  Theresa  for  the 
“ passage  beds  ” was  proposed  by  Cushing  in  the  Geological  Society 
of  America  Bulletin  19,  page  160  (1908)  and  coincidently  in  the 
Director’s  Report  (Bulletin  121),  page  12,  together  in  the  former 
journal  with  a resume  of  the  Paleozoic  stratigraphy  and  geography 
of  our  region,  a subject  which  was  also  assailed  by  Dr  A.  W. 
Grabau  of  Columbia  University  (Science,  new  series,  29:  351-56, 
358;  Journal  of  Geology  17:  211-26;  1909)  who  readvanced  the 
theory  of  Emmons  and  Ells.  In  1909  also,  H.  Leighton  published 
in  the  Director’s  Report  (Bulletin  133,  p.  115-55)  a list  of  geologic 
maps  of  the  State  and  a color  reproduction  of  Amos  Eaton’s  New 
York  State  map  of  1830,  the  first  geologic  map  of  the  State.  This 
five-year  period  culminates  with  the  reentry  of  Doctor  Ulrich  in 
the  field  of  New  York  stratigraphy  (Museum  Bulletin  140,  pages 
11,  127  to  140,  in  which  the  name  Tribes  Hill  limestone  is  pro- 
posed) and  the  publication  of  the  " Geology  of  the  Thousand  Islands 
Region”  (Bulletin  145;  1910)  by  Cushing  and  others  (see  pages- 
14-24,  53-68,  78  footnote  2,  92-97,  112-18,  120-26).  A note  by 
Dr  P.  E.  Raymond  in  the  American  Journal  of  Science  for  the  same 
year  (30:344)  suggests  the  Ozarkian  rather  than  Canadian  age  of 
the  Tribes  Hill. 

1911.  The  last  five-year  period  opens  with  Ulrich’s  “ Revision 
of  the  Paleozoic  Systems”  (Geological  Society  of  America  Bul- 
letin 22:  281-680,  1911)  and  the  geologic  map  of  North  America 
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by  Bailey  Willis  (Washington,  1911)  followed  in  1912  by  its 
description  in  professional  paper  71  of  the  U.  S.  survey:  “Index 
to  the  Stratigraphy  of  North  America  ” which  gives  a summary  of 
everything  to  date  (consult  pages  120-27,  183-86  for  our  area). 
The  State  Museum  also  put  forth  a revised  edition  of  its  Hand- 
book 19  on  " Classification  of  New  York  Series,”  which  is  the 
present  standard.  In  1914  came  Prof.  W.  J.  Miller’s  " Geological 
History  of  Nezv  York  State ” (Bulletin  168),  in  which  special 
reference  may  be  made  to  pages  41  to  51  and  others;  and  Cushing, 
Martin  and  Chadwick  reported  progress  on  their  respective  fields 
in  the  Director’s  Report  (Bulletin  173)  pages  61-67.  The  last 
papers  to  mention  are  Chadwick’s  “Post-Ordovician  Deformation 
in  the  Saint  Lawrence  Valley”  (Geological  Society  of  America 
Bulletin  26:287-94;  1915)  in  which  the  names  Heuvelton  and 
Bucks  Bridge  were  first  employed  and  a black  and  white  map  of 
the  Canton  quadrangle  Paleozoics  was  given,  and  the  stratigraphic 
tables  in  Bulletin  92  of  the  U.  S.  National  Museum,  by  Bassler. 
In  addition  to  these,  Professor  Cushing’s  bulletin  on  the  Ogdens- 
burg  and  Brier  Hill  quadrangles  will  probably  be  issued  before  this 
paper  is  printed. 

In  the  above  catalog  no  account  has  been  taken  of  publications 
on  the  surface  geology,  that  being  reserved  for  the  time  when  the 
Pleistocene  formations  of  our  quadrangle  shall  receive  the  special 
description  that  they  merit.  Papers  purely  paleontologic  have  been 
omitted  for  citation  in  the  text. 

Of  the  works  named,  the  most  indispensable  to  local  students 
or  amateurs  are  probably  Bulletins  95,  145  and  168  of  the  State 
Museum,  which  may  be  secured  at  small  cost  from  Albany,  Logan’s 
economic  report  in  the  22d  of  the  State  Geologist  (56th  of  the 
Museum),  the  revised  edition  of  Handbook  '19  which  is  free  on 
request,  and  the  U.  S.  Geological  Survey  professional  paper  71. 
Emmons’s  1842  Report  on  the  Second  District  and  the  1863 
Geology  of  Canada  are  still  useful  and  may  be  obtained  at  old  book 
stores.  The  last  state  map  (1901)  is  now  sold  in  atlas  form  only. 
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